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The Effects of Hypertonic Solutions upon the Eggs of Echinus. 
By J. Gray, B.A., King’s College. (Communicated by Mr 
He A, Potts.) 


[Read 28 October 1912.] 


In the Proceedings of this Society for last year, a preliminary 
account was given of the cytology of hybrid eggs obtained from 
the two species Hchinus esculentus and LHchinus acutus. The 
structure of such eggs was given as follows: 

“In the cross esculentus $ x acutus ¥ the mitotic figures of 
the segmenting egg are perfectly normal, and do not differ recog- 
nisably from those of the pure species. In the converse cross 
acutus ~ x esculentus ¢’, however, a striking abnormality is con- 
stantly present in all the eggs examined. Until immediately 
after the dissolution of the nuclear membrane in the first seg- 
mentation division the behaviour is normal, and 38 normal 
chromosomes can be counted. As the spindle is formed, the 
chromosomes become scattered upon it irregularly, and gradually 
become collected in the equatorial plate. During this process it 
is seen that a considerable though variable number of them are 
either swollen up, or more commonly bear vesicles attached to 
their ends and sides. The staining of the vesicles is always less 
intense than that of the chromosomes, and is progressively fainter, 
the more the vesicle is developed, so giving the impression that 
the chromosome has swollen at one point, and that the chromatin 
is thus more thinly diffused in the wall of the vesicle than in the 
normal part of the chromosome. In the equatorial plate stage 
the vesicles may either remain attached to the chromosomes which 
produced them, or become separated from them; those which 
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become separated tend to take up positions round the edge of the 
equatorial plate, sometimes outside the spindle. The normal 
chromosomes, and those of which the normal shape has not 
become much altered by vesicle-production, then split longi- 
tudinally in the ordinary way, and begin to travel to the poles. 
It may sometimes be seen that a chromosome with a vesicle 
attached has split, and the vesicle, remaining attached to one half, 
is being carried with it towards the pole. It is possible that a 
few chromosomes, the greater part of which has become swollen 
into a vesicle, do not divide, but are carried entire to one or 
other pole. The vesicles which have become separated from their 
parent chromosomes appear to differ in their fate according to 
their position. If they le among the chromosomes inside the 
spindle, they are carried with them to one or other pole and 
become included in the daughter nuclei. If, however, they are 
left on the edge of the spindle, as commonly happens with the 
larger vesicles, they remain outside the mitotic figure in the cyto- 
plasm, and are not included in the nuclei of the daughter cells. 
In this case they usually contract and become small evenly stained 
spheres, not easily distinguishable from the larger yolk-granules, 
but usually recognisable after the cell-division is completed, lying 
in the cytoplasm near the boundary between the two cells. 

In the second segmentation division, a similar process takes 
place, but is usually rather less pronounced; the vesicles are on 
the whole -smaller, and we doubt whether complete chromosomes 
ever become vesicular *.” 

A similar phenemenon within the eggs of Echinoderms has 
recently been described by Konopacki. He treated the fertilised 
eges of Strongylocentrotus lividus with hypertonic solutions of 
certain strengths for half an hour, and subsequently transferred 
to sea-water. Although no detailed description is given of the 
behaviour of the chromatin, a study of his figures leads to the 
conclusion that the effect of such solutions upon the fertilised 
eges of Hchinus esculentus and EL. acutus would throw some hght 
upon the cytology of hybrids derived from these species. ‘The 
following are the chief results of such experiments carried out 
this year at Plymouth. 

Eggs of H. esculentus were fertilised and allowed to remain 
in fresh sea-water for one hour: they were then transferred to 
a mixture of 50 cc. sea-water + 6 cc. 24 M.NaCl solution, and 
after half an hour were transferred to fresh sea-water until the 
first mitotic figure had been formed. 

The eggs were then preserved and sectioned: the stain used 
being Heidenhain’s Haematoxylin. Such preparations shewed 
that the most interesting effect of the hypertonic solution was to 


* Proc. Camb. Phil, Soc. Vol. xvi, Pt. v. 1911, p. 415. Doncaster and Gray. 


upon the Hggs of Echinus. 3 


cause the formation of one vesicle in each nucleus exactly similar 
in appearance and behaviour to those seen in eggs of the hybrid 
E. acutus 3 x E. esculentus f'. There was, however, this important 
difference; whereas in the hybrid eggs the vesicles are formed 
directly from individual chromosomes and are never present inside 
the nuclear membrane, those in the hypertonic eggs of H. esculentus 
are always formed inside the nuclear membrane of the female pro- 
nucleus. It was found impossible to determine whether the number 
of chromosomes formed from such a nucleus was one less than 
the full somatic number for the species, but what evidence there 
is, is certainly not unfavourable to the view that this vesicle 
represents morphologically either the whole or part of one chro- 
mosome. It resembles the vesicles of the hybrid eggs in being 
either omitted from or included in the daughter nuclei of the first 
division. 

The cytology of eggs of H. acutus which were treated in 
exactly the same way as is above described for EH. esculentus, 
_shews a marked difference between the two species. Within the 
nuclear membrane of the zygote nuclei, it is only very exceptional 
to find any trace of vesicles. As soon as the nuclear membrane 
disappears, however, numerous vesicles are found among the 
chromosomes. Their number varies from three to five, and there 
is absolutely no doubt that they are formed directly from indi- 
vidual chromosomes just as in the hybrid #. acutus 2 x E. escu- 
lentus §, for not only is the number of normal chromosomes 
correspondingly reduced, but every stage between typical chromo- 
somes and fully formed vesicles has been found. If it could be 
shewn that the vesicles are always derived from the same indi- 
vidual chromosomes in the complex, there would be an interesting 
proof of the physiological individuality of these bodies. Unfortu- 
nately so far this has been found to be impracticable. 

The ultimate effect of these hypertonic solutions on the eggs 
of both species is to cause irregularity in segmentation of the 
cytoplasm. In no case did an egg develop beyond the blastula 
stage. 

i hiese experiments shew, therefore, that in the formation of 
vesicles and the consequent elimination of chromosomes, which 
normally takes place in the nuclei of the hybrid HL. acutus 2 x H. 
esculentus ff, it is essentially the female chromatin that becomes 
pathological. It is extremely unfortunate that it is impossible to 
test this hypothesis by a study of the hybrid eggs themselves; yet 
the effects of hypertonic solutions on the eggs of the two species 
gives strong support for such an assumption. 

It will be remembered, however, that the mitoses of the hybrid 
E. esculentus 2 x E. acutus f are quite normal, and therefore we 
cannot explain the pathological condition of the reverse cross by 
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the simple statement that the chromosomes of L. acutus are more 
susceptible to changed environment than those of EH. esculentus. 
In order to explain these facts I would put forward the following 
suggestion in the most tentative way. It is based on the view 
that the relation of a cell to electrolytes in its surrounding media 
is of prime importance to the existence of that cell. The work of 
McClendon and R. S. Lillie has shewn that after fertilisation the 
surface membrane of the egg is more permeable to ions than 
before. It has also been demonstrated that the CO, production of a 
dividing cell changes just before each division, 2.., there is a slight 
increase in permeability*. It is also highly probable that the 
effect of hypertonic solution upon a cell is to decrease its permea- 
bility to ions. (Sutherland; Lillie.) . 

The whole of the evidence in favour of the view that the 
permeability changes of the egg membranes (plasmic and nuclear) 
are of profound importance to the activities of the cell cannot be 
discussed in full, but the following extract from a recent paper by 
R.S. Lillie has a peculiar interest in connection with the phenomena 
discussed in this paper. 

“The conclusion that many pathological conditions have their 
primary origin in abnormalities of the limiting membranes of cells 
is an obvious corollary of any view that regards such membranes— 
which are essentially insulating surface films of varying ionic 
permeability and electrical polarization—as largely controlling the 
rate and character of the cell processes. If stimulation depends 
primarily upon altered polarization of the plasma-membrane 
due to increased ionic permeability, it is clear that a normal 
response, in the case of any cell, implies a definite condition of 
the membrane. If this condition is permanently altered, the 
cell processes inevitably undergo derangement, and pathological 
changes follow. Such a deranged condition, if not too far ad- 
vanced, may be rectified by restoring the membrane to its normal 
condition....The alteration caused by a toxic agent may consist 
primarily either in increasing or in decreasing the permeability 
normal to the membrane, or in altering in either direction the 
readiness with which the latter undergoes change....The plasma 
membrane cannot undergo marked and prolonged increase of 
permeability without alteration in the nature and proportion of 
the cell-constituents; this involves altered chemical organization 
and eventual derangement of the cell-processes.” 

It is, therefore, a possibility at least that the hypertonic 
solutions exert a toxic action upon the nucleus of a fertilised 
egg by upsetting the normal relationship of the cytoplasm to 
electrolytic ions. 


* The susceptibility of a dividing cell to poisons has also been shewn to be 
rhythmical in the same way. 
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Now, the permeability of the egg is changed when a sperma- 
tozoon enters, and presumably the change is constant in degree 
for each species. When, however, the sperm of a foreign species 
is made to enter an egg, is it not possible that the change in 
permeability is not that which would have been caused by a sperm 
of the species to which the egg belongs? If this is so, and the 
degree of change in permeability of an egg when fertilised is there- 
fore a function of the sperm, then the cytological behaviour of 
reciprocal crosses is explicable. 

Let the change in permeability for 


FE. acutus eggs (fertilised by) H. acutus sperm be P, 


E. esculentus m ce . esculentus ae ao 
Then EL. esculentus A 9 Bin CHEUTEUS ss JE 
and E. acutus FP » . esculentus eprel? 


i 

Let the difference between P and P, be about equal to the 
change of permeability in normally fertilised eggs of H. acutus 
which is brought about by the action of hypertonic solutions of 
appropriate strength. 

Now the chromatin of E. esculentus can withstand a change of 
permeability in the surrounding protoplasm equal to P—P,, 
without becoming abnormal*, as is shewn by its reaction to a 
hypertonic solution capable of producing such a change. Hence 
when the egg of H. esculentus is fertilised by the sperm of F. 
acutus, and so attains the permeability peculiar to fertilised eggs 
of /. acutus, no abnormality occurs. 

On the other hand, when the egg of H. acutus is fertilised by 
the sperm of ZF. esculentus, the EL. acutus element becomes patho- 
logical, as it cannot endure a permeability in its surrounding proto- 
plasm equal to that characteristic of an egg of H. esculentus. 

This suggestion is, however, in entire opposition to most of 
the conclusions of other workers in hybridisation. The work of 
Kupelwieser, Baltzer and Tennent all tends to shew that it is the 
male chromatin which becomes abnormal in such cases. Tennent, 
however, has shewn that in the cross Arbacia x Towxopneustes not 
only are all the chromosomes derived from the male eliminated, but 
also some of those from the female parent. Again, G. Hertwig 
has shewn that fusion with an abnormal sperm can cause the 
female chromatin of a normal egg to be affected. 

If the abnormalities are to be entirely confined to the male 
element in the egg, there is apparently no explanation for the 
eytology of such reciprocal crosses as Sphaerechinus x Strongylo- 
centrotus, or Hchinus acutus x H. esculentus; for if, as Baltzer 


* Presumably the change P—P, is a little less than that caused in eggs of 
E. esculentus by 50 ¢.c. sea-water + 6c.c. 24 M. NaCi, as in the latter case one vesicle 
is produced, while in the hybrid H. acutus x E. esculentus no such abnormality 
occurs. 
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suggests, the male chromatin goes wrong because it is “out of 
tune” with the female cytoplasm, why are not both reciprocal 
crosses abnormal? And in the case of ZL. acutus x E. esculentus 
we should expect the more sensitive #. acutus chromatin to go 
wrong when it enters the cytoplasm of the more resistent H. escu- 
lentus, and this is not the case. 

The proof of the hypothesis here put forward would be in the 
demonstration of the fact that the permeability change of an egg 
when fertilised differs according to the species of sperm used, in 
other words, the degree of permeability change should be a function 
of the sperm*®, 

A more detailed account of this work will appear in the forth- 
coming number of the Quarterly Journal of Microscopical Science 
(Vol. LvuI.), where references will be found to all the works quoted 
in this paper. 


* As in some cases of hybridisation there is no doubt whatever that it is the 
male chromatin that becomes abnormal it is obvious that changes of permeability of 
the cytoplasm, such as can be induced by the sperm, cannot be a sufficient explana- 
tion of all the abnormalities observed in cross-fertilised eggs. 
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Preliminary Note on the Inheritance of Self-sterility in Reseda 
odorata. By R. H. Compton, M.A., Gonville and Caius College. 


[Read 28 October 1912.] 


AMONG the numerous examples of self-sterility recorded for 
plants and animals the Mignonette is exceptional in that, as was 
discovered by Charles Darwin, certain individuals are completely 
self-sterile, others completely self-fertile. Clearly this affords a 
favourable opportunity for breeding experiments with the object 
of studying the inheritance of these obscure and puzzling pheno- 
mena. Each flower is normally self-pollinated, so that it is only 
necessary to exclude insects in order to ascertain whether a plant 
is self-fertile or self-sterile. Further the anthers are freely exposed 
before dehiscence, so that, although the flowers are small, emascula- 
tion is easy. 

Seed was obtained from various tradesmen, and among the 
plants grown from it both classes of individuals were abundant. 
Experiments are in progress, and the results of the first generation 
may be described with the tentative hypothesis to which they 

oint. ; 

This hypothesis is that self-fertility is a simple Mendelian 
dominant character. In support of it may be mentioned the 
following facts: 

(1) Self-sterile plants when bred inter se throw self-sterile 
offsprmg only. This is in accordance with the view that self- 
sterility is a Mendelian recessive. 

(2) Certain self-fertile plants when self-fertilised yield self- 
fertile offspring only: when crossed with self-sterile plants the 
same result is obtained. These are regarded as homozygous for 
self-fertility. 

(3) Other self-fertile plants when self-fertilised yield approxi- 
mately three self-fertile to one self-sterile offspring: when crossed 
with self-sterile plants about half the progeny are self-fertile, half 
self-sterile. These are regarded as heterozygotes. 

The publication of the data in full is deferred until the com- 
pletion of the experiments, as is also discussion with reference to 
the literature. 

Other characters are also being studied. As regards stature it 
appears that pure-breeding tall and dwarf races exist, and that the 
fF’, between them is intermediate in height. 

An interesting pollen-character also seems to behave in a 
_ Mendelian fashion. Orange-red colour of pollen appears to be 
a simple dominant to bright yellow: self-fertilised heterozygotes 
throw about three reds to one yellow. 
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On the Anthropometric data collected by Professor J. Stanley 
Gardiner, F.R.S., in the Maldive Islands and Minikoi. By W.. H. 
DuckwortH, M.D., Sc.D., Jesus College. 


[Read 28 October 1912.] 


In the course of an expedition to the Maldive Islands and 
Minikoi, Professor J. Stanley Gardiner, F.R.S., collected a number 
of anthropometric data. ‘These he handed to me, and they form 
the material upon which the following report is based. 

1. The total number of individuals examined is 69. All are 
males. Of the 69, 20 are Minikoi men, while of the remainder 
24 are from Addu Atoll. Other islets of the Maldive group 
supply a few representatives each. The complete list is as follows: 


Island No. of individuals measured 
Minikoi 20 (caste is said to be of little moment). 
Maldives: Addu 24 (in 4 sets according to caste). 

Male 11 (in 3 sets according to caste). 
Hulule 9 
Kaharidu 1 
N. Mahlos 1 
Mulaku 1 
Nolewangfaro 2 


Total 69 


2. Professor Gardiner records 13 measurements of each of these 
men. In addition to these data, five indices have been worked 
out. In preparing the list of the mean values and the range of 
variation I have been greatly aided by Dr Poole, of Sidney Sussex 
College. Dr Poole intended to prepare the whole of the report, 
but the claims of professional work made it necessary for him to 
hand the material back to me when he had nearly completed the 
determination (previously begun by me) of the means, the maximum 
and minimum values. As a result of all this, I am able to deal 
with the data re-arranged in the following list: 


A. 
I. Stature. | VII. Face breadth. 
I]. Height seated, 2.e. height | VIII. Bigonial breadth. 
of torso. IX. Nose length. 
III. Cephalic length. X. Nose breadth. 
IV. Cephalic breadth. XI. Cephalic height. 
V. Face length. XII. Cranial height. 


VI. Upper face length. XIII. Circumference of head. 
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B. Indices. 


Cephalic. Nasal. 
Altitudinal. Gonio-zygomatic. 
Facial (Kollmann’s). 


These data are arranged in three tables, of which No. I con- 
tains the original measurements made by Professor Gardiner, 
together with some of his comments on the same. Table II gives 
the complete list of indices, while in Table III, the means, the 
maxima and the minima are set forth in relation to the different 
groups of individuals described in paragraph 1 (supra). The 
absolute dimensions added to the indices give a total of 18 
characters (cf. A and B above) for examination. 

3. It is convenient to enquire first into the extent of variation 
and the manner in which it is exhibited by the several groups 
of men. For this purpose, the records of the maxima and minima 
as set forth in Table III may be employed. An examination of 
Table III leads to the following conclusions in this connection. 

The maxima and minima are shared in the proportions given 
as follows: 


Minimum values ... Minikoi 16 out of 18 characters. 
Hulule 2 5 hi (sharing the 
lowest place once with Minikoi). 
Addu 1 out of 18 characters. 


Maximum values ... Minikoi 4 out of 18 characters. 
: Male 7 = y 
Addu ia 53 - 


The tables shew clearly that the men of Minikoi are of smaller 
dimensions on the whole than the men from the Maldives. In 
addition to this, the Minikoi men are the most variable of the 
groups into which the data have been divided. 

4. The standard deviation and the coefficient of variation will 
provide further evidence on the same point, viz. the relative 
variability of the different groups. Here we may begin the 
examination by a scrutiny of the seriations upon which the calcula- 
tions of these data are based. Hight measurements and four 
indices are here available for study, but the analysis is not suit- 
able for discussion in this place and it is presented in a tabulated 
form. Only a summary will be given here, and it is to the 
following effect. 

(a) Stature: The Minikoi men are nearly at the bottom of 
the list in this respect. The Addu men (the most numerous group 
and therefore most fitly comparable) are the tallest and thus at the 
opposite end of the scale. The remaining groups are intermediate, 
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TaBLeE I. Maldive Islands. No. 1. All , 
. ap 3 ee et 4 
= ~ + Oo Ropixe) go ai ZS oa oe o -) ° g 
4/2 |39/82152|/38e|42) 08 | 22 | e2/s3 lsu | ee 
o) Be [82 | se | ee lee) ed | fs) 8) 2F | ss) Seles 
Z| Ss a Bl SiS) cass 4 ay Bilge Slee € mS | 
I II Til IV W VI VII | VIIL | IX X XI XIL. 
TS ellen ieo78)| el ete ee 4-0) SOc on etG rian Sen! ake bial mane 3°8 | 20°5| 12-44 
20 elDO-8). |) vero | L7cOuy elacouy Viel eG Sela: Gnl el Osse in aes 3°5 | 19:9) 12:0) 
3 | 160-4 | 81:1] 20-4] 14:6) 10°8| 6-1 | 12:5) 11:1] 4:5 34 | 21°83} 12-64 
4) 163-2 | 84:2) 19°35] 15-0) 11-1 | 62\| 12-2)| 100) 5-07) 377 jeter 
5 | 161-4 | 80-7] 18-9] 15-4] 11-2] 6-3 | 13:5] 111] 5-1 | 4:2 | 21-2) 114 
6 | 150-4 | 76-0] 19:0) 140] 104] 5:9 | 126] 101] 4:7] 2:8 | 21-6] 12-21 
7} 155°9 | 79:5) 19:6) 15:3} 11-2 | 6:4 | 13°3] 10°38] 4:9 35 | 22-4] 12-6) 
8 | 1532 | 83-1] 17-8) 14-4] 10-8] 6-5 | 12-8] 116] 55 | 3:3 | 93-6) 19-9 
) Ma | QR | lis} |) abe | INOS | BS} | Boe | TO) | alse 3°3 | 20°5| 12:6) 
1898°0 | 712°9 | 170°3 | 130°7| 97°9 | 55-6 | 115-4| 96-7 | 44-9 | 31-5 | 193-8 | 112-3 
LOR ES OM SSS eZ OcOnle torial alOs7 |iiios5) a\helSnor nisl om mmc 3:8 | 21:1} 13:2) 
TL | A278) | See) NS} a Tey TIL ar? he TBS) | TISISTL || 0) 4:2 | 24:2] 13°5 
12) 1581 | 80°9| 19-4) 16:0) 11-7 | 6:5 | 14:5] 13:0] 4:8 4-5 | 22°83] 13-6) 
13 | 1736 | 88°5| 20°5| 16:0) 11-4] 7-0 | 14-2] 12-0) 51 | 37 | 95-0) 14-@] 
661°3 | 342°3| 78-4) 62:0) 45:0 | 26-7 | 56-2| 49:7 | 19-1 | 16-2 | 93:1| 55-0] 
14) 161°3 | 83:2} 20:0} 15:4) 12°71 | 6-4 | 14:3] 11:7] 4:9 39 | 21:0) Waa 
15 | 158-4 | 73:4) 17°99] 14:1) 10°00 | 5-4 | 12-5] 10-7/] 4:8 3°5 | 21:3] 12:2. 
16 | 158-1 | 79:°5| 20-2) 14:-4| 11-4] 6-8.| 13°3/ 11:2] 5:2 | 3-6 |) 21-6) om 
477-8 | 2386-1| 58:1) 43°9| 335 | 18-6 | 40:1| 336 | 14:9 | 11-0 | 63:°9| 37-0) 
17 | 155°6 | 76°8; 18:8]. 14:3} 11:3] 6:8 | 13:0] 11:7) 5-3 4:0 | 22-2) 13-4) 
18] 147-4 | 79-9} 18-6) 14:2] 10-9) 6-4 | 12:0/ 9:7| 5-2 | 3:3 | 99-4) 13-4 
19 | 156°7 | 78:2) 18:6) 14:6) 12-2 | 7-5 | 12°38) 11:0) 5:7 37 | 21-7) Tia 
ZO elo TS a Toes eG) On ie rk4:8 |, eG) 8G )-O is) eel): 7a |e (i ee) 37 | 21-9) 12:3) 
621°2 | 8143) 75-0| 57-9| 46:0 | 27-6 | 50:5| 42°8 | 21:1 | 14:7 | 88-2| 505 
21 150°8 | 72'5) 19°6| 14:4) 11-0 | 6-2 | 13-5) 12-4 | 4:6 Beg | Ugg) 12-4 
22 | 156°3 | 74:4] 18:2] 14:4) 109] 63 | 11:9] 10°] 4°5 3°2 | 21:5] 12:1 
230s ore alee osolelOcse 4.88) 0-78 ees c8) ease tal lat G seers 37 | 21:5] 13:4} 
Phe XO Piya} |) TI alesse | alls sey Wari} alias) |) dies 3d | 231} 13°3 
rus) | NSIS) |) fee te iS) ALBIS) Ne AMO |} aes | iMag) |) Hod) 3°o | 22°9) 14:0 
790°7 | 388-2) 96°4| 71:3) 54-9 | 29°8 | 64:9] 57:3 | 22:7 | 17-6 | 108-9| 65-2) 
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feusurements in ctms. Ages approximate. 
Name Dectina tiem Island Age Remarks 
or caste 8 | sree 
| 
Ahamada Toddy Drawer Hulule 24 | Condition good. 
Mohammed 56 55 5 22 | . thin. 
Ibrahim Fisherman | e 21 s medium. 
Moussa Toddy Drawer | af 21 is thin. 
Dongkoko Fisherman a 33 “h good. 
Ibrahim 35 na 23 90 thin. Syphilitic. 
| Hassan Toddy Drawer x 32 * good. 
Avakaru Head man | ne 60 98 good. Stoops but 
| teeth good. Deaf. (Photo.) 
Hassan Fisherman | s 30 Condition good. 
Mohamed Didi Male 25 | Stout. High caste. (Photo.) 
Hassan an A 54 | Good. es a 
Father of last. Velanama- 
nihofan. 
Mohamed Chief Vizier oe 53 | Good. Best caste. 
Manipul Head of Mosque a 31 op os (Photo.) 
Hosein Overseer 55 35 | Good, stout. Muniku. 
Hassan Singing Boy 5 20 | Poor, thin. ae 
Ibrahim Servant 5 40 | Good. Fulu. Sloping fore- 
head. 
— Fisherman 22 | Thin. 
ig ” 29 30 Fair. 
— Fi 5 25 | Sparse. 
ie) ” 29 50 29 
Mohammed | Servant Kaharidu 35 | Good. Marked stoop and 
broad jaws. 
Mohammed a N. Mahlos 25 Thin. 
Ismail 6 Mulaku 23 Fat. Vacant. Fool. 
Hassan Sailor Nolewangfaro 25 |) f eR : 
iGRann f i 93 |) Good. My boys. Big Photos. 


| 
| 
| 
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TABLE I (cont.). Maldive Islands. No. 2. Adv 
ee 3 S | 
aq = acd i/ac qd] ea So} ec | og 
| Se | Sey Se pes es Ss | ies aeee eS 32) a8 pe: 
S/ 3a | 3E | a5 | $s ao | os |ae | Se (2s ober Be 
| SS ed | a | es = Be SB /e8 3S |go|as ee 
iz ° 
I Il Ill IV V VI VII | VIIL|} Ix x XI XII 
26 | 161-7 | 81-8] 20-7) 14-8] 10:8] 65 | 18-4] 10-9) 5:0 | 3:8] 931] 199) 
247 | 1695 | 82:7) 18:9} 14:1] 11:5] 6-2 | 14:0] 11:5 4:7 3°9 | 22-7) 1359) 
28 | 160-1 | 79:9) 20-9) 15:2] 12:3|/ 7-2 | 13:°0| 11-4] 5-5 | 3-7 | 93-7) Gem 
29; 1582 | 79°7| 20-6) 16:1) 11-7) 6-2 | 13-5] 125] 4-7] 42 | 933] 134 
80 | 156°6 | 76°5| 19°8| 14:9] 11:2] 63 | 13-7] 19-0 4°3 3°9 | 22°9) 13:0 
31 | 165-7 | 82-1) 19-9/ 14-8] 12:3] 6-7 | 13:3] 10-6] 5:2 .| 3-6 | 99-6] 13-1 
32 | 155°7 | 82-2] 19-4|) 15:9] 11:6] 6-5 | 13:8 Ibe) || 8) 34 | 22:0] 13:0 
1127°5 | 564-9 | 140°2 | 1048 | 81-4] 45-6 | 94:71 80-8| 35-3 26°5 | 160°3 | 98-6) 
33 | 1720 | 82:1) 19-0) 16-2/ 11-4) 6-7 | 14-7] 12-9] 5:2 | 40 | 93-8) team 
34] 155°5 | 78-9) 19:5| 13:8) 103] 5-9 | 12-7] 10-6] 4:4 3°7 | 20°6| 12-6) 
3273 | 1610) 385) 30:0) 21°9| 126 | 27-4). 29:5 | 9:6 | 7-7) ee 
39 | 157°9 | 79°6| 19-3) 15:4] 12-2] 6-8 | 19-8] 11:3 50 3°8 | 22-6] 13-1) 
36 | 1616 | 75-8} 20-4) 15:5] 11:3] 6-1] 13-5] 11-7| 4:7 | 3-9 | 99-9] 13-5 
37 | 163-7 | 82-4) 19-1) 15-3] 11-4] 6-7 | 138) 19-2) 5:0 | 3-8 | 913i) iaeml 
88 | 1577 | 75-2) 193) 141/ 11-2) 6-3 | 13-4| 10-7| 5-2 | 3-8 | 99-9/ qa 
OO melo eo Oa elS;9) 1 03-ON 10-6) e5-9pt) 1-4 lore 4:7 3°3 | 20°6 11:9) 
7988 | 3894) 97:0| 74:2) 56-9] 81:8 | 65:9| 56-1| 246 L186 | 108°9 65:0 | 
40 | 162-2 | 81-0) 19°5/ 14-4| 10-5] 5-8 | 13-4] 11-2| 45 | 3-8 | 904 12°6 | 
41 | 1559 | 80-1) 188] 14:0/ 9:8] 5-7 | 13:3] 11-4] 42 | 3-7 | 906] iogm 
42 | 163-1 | 806) 19°) 14:3] 11:2] 65 | 13-2! 11-3| 4-9 | 3-7 | 918 re | 
#3) 1557 | 754) W9-0) 14:3) 11-4) 5:9 | 19-9) iid) 4-5 | v3es) eogen 145 
44 | 1466 | 73:4) 19-5] 15-7| 10-8; 5-9 | 13-0) 11-4| 4-4 | 35 | dge7 13-2 | 
45 | 158-0 | 74:8) 19-4) 14-4) 12-1] 6-7 | 13-4] 101] 4:9 | 3-5 | 91-0] 1o-am| 
AD | KO | SOG | I) Tae | FR | ea | aes 5°6 3°6 | 23:7 13-9 | 
47) 166-4 | 62-7) 19-1] 14-4] 12:1] 6-6] 142] 13-2] 5-3 | 3-9 | 93-4] 19.7 7 
48 | 161-7 | 80°8| 19:5} 13:8) 11:5] 6-4 | 128] 11-2] 5-4 | 3-4 | 91-0) 1egm 
49 | 166°5 | 80:5] 20:0/ 15-6] 12:0] 66 | 14-0 1159 | 553 ewe} | ay || sod : 
| 1596°6 | 789-9 | 194-2 | 146-1 | 113-7 | 63-4 | 133-9| 114-6 | 49-0 | 36-8 | 218-4 | 


oll. 


4 sets arranged according to castes. 
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tures. 


Name ee Island Age Remarks 

Ibrahim Didi Addu 30 | Good. Stout in face. Rich 
man. Marked depression 
right of head. 

Ibrahim sft 56 35 Good. Back of head quite 
flat. Base nose furrow 
very marked. 

Hassan a. 55 30 Good. 

Mahomed = 5 35 | Good. Nose very broad. 
Deep bridge. 

Ali fe is 32 Good. 

Hosein ae a 27 Fair, thin. 

Hassan = _ 30 Good. Nose and forehead 
level, no depression at base. 

Ahmed Manikofanu a 37 Fair but thin. 

Hosein ne re 24 Good. 

Ali Thackarufanu ee 24 | Fair. 

Moussa a eh 40 | Fair. Low receding forehead. 

Ali a a 42 | Fair, thin. 

Ibrahim a fs 25 | Good. 

Hassan a in 24 Good. 

Mohamed as 45 | Fair. 

Adam “a 18 Thin. 

Abdurahman 3 40 | Good. Angles of jaw very fat. 

Ali All ‘ ns 22 | Fat in lower part of face. 

Hassan - ae nen: oe 26 Good. 

Hassan aay ene 3 48 | Good. 

Hosein ate oe 30 | Good. Very thick lips and 

aa eres face looks long. 

Hassan Galinualbsus oD 35 Stout. Head like ridge in | 
centre ; jaws square. 

Ibrahim 3 50 | Moderate. 

Hosein 26 Good. Marked negroid fea- | 
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TABLE II. Jndices. 
No. of individual | Aneel Giniee 
and locality Cephalic |Altitudinal (Kollmann’s) Nasal Zyeomatic 

Maldives 

1 73°3 64:9 46:21 74:51 87:12 

2 76°4 67:4 50°00 60:04 81°75 

3 71°6 61°8 48°80 75°56 88°80 

4 76:9 69°7 50°82 74:00 | 81:97 

een 5 | eile 60-3 46-67 | 82°35 | 99-99 

‘ 6 eral 64:2 47°20 59°57 80°16 

7 78:1 64:3 48°12 (less) Bil 240) 

8 80°9 W2eo) 50°78 60:00 90°63 

9 79:1 69:2 45°67 68°75 80°31 

10 78°35 66:0 47°80 90°48 85:29 

Gheiocte, 11| 773 73-0 48-13 | 84:00 | 94-24 

Nose 10tor1s 12 82:5 70°71 44°83 93°75 89:66 

‘ 13 78:0 71:7 49-29 TAGS 84:51 

Male Island. 14 77:0 60°5 44°75 79°59 81:82 

Intermediate caste. B 78°8 68:2 43°20 72:92 85°60 

Nos. 14 to 16 16 71:3 62°9 51:13 69°23 84°21 

f i7/ 7671 71:3 52°31 | yee / 90:00 

2 ae }1s | 76-3 72-0 53°33 | 63-46 | 80-83 

INGSUIT. Fo 20 la 78°5 61:8 58°59 64:91 85:94 

7 20 17:9 64:2 54°33 75'd1 81°89 

Kaharidu 21 73°d 63°3 45°93 80°43 91°85 

N. Mahlos 22 79-1 66°5 52°94 Taka 88°24 

Mulaku 23 74:7 67:7 44:27 86:05 88°55 

ae 24 71°5 68-9 46°46 81-40 92-911 

25 ieltces) 71°8 44°88 70:00 80°29 

26 71:5 61:8 48°51 | 76:00 81°34 

27 74:6 73°5 44:28 82°98 $214 

Addu Atoll. 28 72-7 63:1 55°38 67°27 87°69 

Nos. 26 to 49. 29 liane 67-4 45:93 | 89°36 92°59 

Didi. Nos. 26 to 32 |30 75°3 65°7 45°98 | 90°70 87°59 

31 74:4 69°3 50°38 | 69:23 | 79:70 

32 82:0 67:0 47:10 | 57°63 | 86:23 

Manikofanu. (33 85°3 78:9 45°58 | 76°92 87°76 

Nos. 33, 34 (34 708} 64°6 46:46 84:09 83°46 

pe 79°8 | 67°9 53:13 76:00 ie 

: 36 76:0 66°2 45°19 82°98 86°67 

as 487 | 801 || 69-6 48°55 | 76-00 | 88-41 

Z 38 731 68-4 47°01 73°08 79°85 

39 TBS 63:0 47°58 70°21 82°26 

40 73°8 64:6 43°28 84°44 83°58 

41 14:5 68°6 42°86 88°10 85°71 

42 73°3 68-2 49-24 fob | eosor 

43 73°3 76°3 45°74 77°78 88°37 

“Poor” men. 44 80°5 67°7 45°38 TOS || tee) 

Nos. 40 to 49 45 74:2 63°4 50:00 71°43 Ter 

46 76:4 69°8 53°28 64:29 83 “94 

47 7a°4 66°5 46°48 73°58 92°96 

48 70°8 69°2 50°00 62°96 87°50 

49 78:0 67:0 47:14 79°25 85:00 
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TABLE II (cont.). 


No. of individual echell Gan 
and locality Cephalic] Altitudinal (Kollmann’s) Nasal Zyeomatic 
Minikoi 
50 | 83:1 60:1 57°63 | 103°57 88°14 
51 76'9 68°8 51:24 66°67 86°78 
52 78:0 81:2 40°91 | 85:00 82°58 
53 80°8 72°3 44-11 86:05 79°41 
54 70°9 63:'8 47°29 84:21 82°17 
55 17-2 74:5 46°34 85°37 77:24 
56 78°5 74:6 43°41 78:05 83°72 
57 80°3 71:9 43°28 18°57 82:09 
58 | 80°3 U2 53°85 77°08 80°77 
Minikoi. 59 83:1 17°5 48°46 70:00 68°46 
Nos. 50 to 69 60 78°3 66:3 45°74 82°50 80:62 
61 74:7 70°9 47°20 103°57 83°20 
62 | 77°5 69°8 48:80 65°12 84-00 
63 73°0 69:9 A737 85:00 80°45 
64 78:2 71°8 50:43 65°85 86:09 
65 785 74:6 46:09 46°15 82-03 
66 83°3 72°8 64:40 71:79 84:00 
67 79:1 71:2 46°51 67°44 84°50 
68 74:9 65:1 > PRT 65:96 70°99 
69 Wel 76°3 | 48°82 70°45 86°72 
| 


if the Hulule men be excepted, for they are the shortest of all. 
But they are only nine in number. 

(b) Head dimensions (Length, Breadth and Cranial Height): 
The Minikoi men provide the smallest heads, whether length, 
breadth or cranial height be taken. The Addu men come again 
into contrast, for they have the largest heads. The contrast is 
most marked in respect of length and it will be noted that this is 
in accord with the fact noted above, viz. that the men of Addu are 
the tallest. The other groups are again intermediate. 

(c) Cephalic Index: The Minikoi men are more frequently 
(21:05 per cent.) and more intensely brachycephalic. The Addu 
men are more frequently and more intensely dolichocephalic. 
The remainder occupy an intermediate position in regard to this 
index. . 
(d) Altitudinal Index: The Minikoi men have higher (and 
therefore more spherical) heads: the Addu men are not markedly 
distinct from the other Maldive groups in this respect. It is to be 
noted that the shortness of the head in the Minikoi men, as well 
as their lower stature, are influential factors in the production of 
this result, as are also the opposite characters presented by the 
other groups. 

(ec) Nasal dimensions (viz. length, width), and index. The 
Minikoi men present a curious series of contrasts in this respect. 
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The nasal length (Minikoi) is distinctly smaller than in the Addu 
group and other Maldivian islands, of which the various subgroups 
are not distinguishable. The nasal width is distinctly least im the 
Minikoi group, greatest in the Addu men and in the remainder it 
is intermediate. With regard to the nasal index, the Minikoi men 
are disposed in equal forces above and below the mean, while 
the Maldivian group (which is not subdivisible) shews a distinct 
tendency to excess on the side of the narrow noses. ‘The seriation 
of these nasal characters yields some rather interesting con- 
clusions. 

(f) Facial dimensions (upper facial length, facial width) and 
facial index. The Minikoi men have the shortest and narrowest 
faces: the Addu men have much longer but also broader faces. 
Moreover the Addu men are shewn by the facial index to have 
relatively broader faces than the Minikoi men. The other Mal- 
divian groups are intermediate between the Addu men and the 
Minikoi islanders. 

5. The various conclusions set out in Section 4, may be still 
further summarised as follows: 

(a) The Minikoi men are distinctly contrasted with the 
Addu men in eleven out of the twelve characters available for 
study. The exception is the head-breadth, ae. the absolute 
dimension of that name. Of the Maldive islands, Addu atoll is 
the most remote from Minikoi. 

(b) The remaining groups are intermediate between the 
Minikoi men and the Addu men in nine out of twelve characters. 

(c) The Minikoi men are distinctly contrasted with the 
“remainder” (7.e. Maldive groups excepting the Addu men) in . 
three out of the twelve characters. 

(d) From such investigations it is fair to conclude that the 
Minikoi islanders really offer distinct points of contrast with the 
islanders of the Maldive group. In section 3 (swpra) we have 
seen that the Minikoi men are more variable than the Maldive 
islanders. That they should be thus more variable is perhaps 
intelligible in view of their geographical position as compared 
with that of the Maldivians. This matter will be discussed a little 
further in the sequel. 

6. The standard deviation and coefficient of variability have 
been determined by me for a series of some ten characters or so, 
and these are set forth in the accompanying table : 

Only two remarks need be made in the present connection. 
First, the greater variability of the Minikoi men is (on the balance) 
confirmed. In the second place, the exclusion of the curiously 
formed head of No. 10 (Minikoi) has singularly little effect on the 
values of the means and other determinations. 

7. The variability of these islanders has now to be compared 


m the Maldwe Islands and Mimkoi. if) 
TABLE LY. 
Measurement Group No.| Mean o C = 
1. Cephalic | Maldives with Minikoi | 69 17 3°47 4°5 174 
index | Maldives with Minikoi | 68 ne 3°42 4°44 172 
(less No. 10 Minikoi)* 
Minikoi men only: 20 79 3:164 | 4:05 501 
_ Minikoi (less No. 10)* | 19 78 3:024 | 3°87 “481 
| Maldives without 49 76°2 3°53 4°64 “254 
Minikoi 
2. Nasal index | Maldives with Minikoi | 69 77 10°15 | 13:20 |1-490 
Minikoi men only 20 77°5 | 12°25 | 15°80 |1:225 
Maldives only 49 76°2 8°66 | 11°40 |1°530 
3. Altitudinal | Maldives with Minikoi | 69 68 4°54 6°67 | -298 
index 
4. Facialindex| Maldives with Minikoi | 69 48 4:10 8°54 243 
5. Stature Maldives with Minikoi | 69 | 1590 62°55 3°93 | 5°69 
Minikoi men only 20 | 1580 35°10 2°22 11-95 
Maldives only 49 | 1590 59°50 3°70 | 7:22 
6. Cephalic Maldives with Minikoi | 69 | 190 8°995 | 4:73 |1-173 
length Maldives with Minikoi | 68 | 190 8:27 4°35 |1-006 
(less No. 10)* 
Minikoi only 20 | 182 8°20 4°51 |3-23 
Maldives only 49 | 191:2 7°26 3°80 |1:07 
7. Cephalic Maldives with Minikoi | 69 |. 146 6°50 4°45 612 
breadth Maldives with Minikoi | 68 | 146 6°325 | 4:33 | -558 
(less No. 10)* 
Minikoi only 20 | 1438 4°37 3-056 | -955 
Maldives only 49 | 147:2 6°75 4°59 930 
8. Cranial Maidives with Minikoi | 69 | 130 7°68 5°90 | -854 
height Maldives with Minikoi | 68 | 130 770 | 5092) -872 
(less No. 10) 
9. Nasallength| Maldives with Minikoi | 69 47 5:77 | 12°54 | -482 
Minikoi only 20 40 4-79) | WOT 1-146 
Maldives only 49 49°8 4-02 8:07 | +33 
10. Nasal width| Maldives with Minikoi | 69 36 4-45 | 12°36 287 
Minikoi only 20 31 4-16 | 13°53 | -8665 
Maldives only 49 38°04 | 2°99 7:85 18 
11. Upper facial) Maldives with Minikoi | 69 63 AAS alone) e201 
length 
12. Facial width| Maldives with Minikoi | 69 | 131 6°306 | 4°81 5T4 


* There is a doubt about No. 10 Minikoi. 


The dimensions of the head are very 
unusual and Professor Gardiner has a note to the effect that the head in question 
looks as though deformed, possibly through some injury. 
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Standard Mean 


Group deviation value Reference 
Cephalic index | Moslems (Egypt) 2°86 74-00 Myers* 
Corsicans 2°90 75°50 Duckworth 
Amarer 3°15 77:00 Duckworth 
Minikoi 3164 175 Duckworth 
Sundanese 3°18 85°53 Garrett} 
Maldives with Minikoi 3:42 77:00 Duckworth 
Javanese 3°45 85:02 Garrett + 
Copts’ 3°48 74°26 Myers* 
Maldives only 3°53 76:00 Duckworth 
Amarer with Jemeni 3°56 77:00 Duckworth 
Sardinians (Lanusei) 3°57 73:00 (2?) | Duckworth 
(76:40) 
Amarer, etc. 3°72 77:00 Duckworth 
Sardinians 3°98 77°50 Duckworth 
Bishari 4:10 79°00 Chantret 
Cretans 4°10 79:00 Hawes § 
Greek Youths 4:18 82°50 Duckworth 
Jemeni 4:25 77:00 Duekworth 
Moormen 4°305 79°00 Risley || 
(77-00) 
Banjerese 4°46 81-48 Garrett + 


* Journal of the Royal Anthropological Institute, 1903-1905-6. 

+ Ibid. 1912. 

+ Chantre, Recherches anthropologiques en Egypte, 1904. 

§ Hawes, Rep. British Assoc. 1908. 

\| Risley, Journ. Roy. Asiat. Soc. Bengal, uxit. 1893. [The index is calculated 
on Flower’s method and should be reduced by 2 units. ] 


Standard | Coefficient 
Group deviation | of variation Mean 
Nasal index Moslems of Egypt 7:67 10°12 75°83 
Moormen (Ceylon) 775 9°57 80°7 
Sundanese 7°76 8:93 . 86°92 
Banjerese 7°81 8:88 88-01 
Copts of Egypt 8:16 10°77 75°77 
Bishari 8°51 11-20 76:0 
Maldives (only) 8°66 11-40 762 
Javanese 9:18 10:72 85°67 
Maldives with Minikoi 10°15 13°20 77°0 
Minikoi men only 12°25 15°80 17°5 
Altitudinal Banjerese 2°81 3°84 73°09 
index Sundanese 3:22 4:27 75°31 
Javanese 3°46 4°59 75°47 
Maldives with Minikoi 4:54 6°67 68:0 
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TABLE V (cont.) 
, Standard | Coefficient 
Group deviation | of variation Mean 
Facial index Sundanese 2°65 5°76 46-00 
(Kollmann) Banjerese 2-92 6:26 46°58 
Copts of Egypt 3°18 6°55 48°57 
Moslems of Egypt 3°53 7-29 48°39 
Javanese 3°70 7°98 45-99 
Maldives with Minikoi 4°10 8°54 48 
Stature Minikoi only 35°10 2:22 1580 
Javanese 40-99 2°61 1571 
Banjerese 48°61 3°10 1570 
Sundanese 54:07 3°40 1591 
Maldives only 59°50 3°70 1590 
Bishari 59°90 3°63 1646 
Maldives with Minikoi 62°55 3°93 1590 
Cephalic length | Javanese 4°68 2°63 178 
Sundanese 5°28 2°93 177 
Moslems of Egypt 6:09 3°13 195 
Copts of Kgypt 6°13 3°17 193 
Banjerese 6°22 3°44 181 
Maldives (only) 7:26 3°80 191-2 
Minikoi (only) 8-20 4°51 182 
Maldives with Minikoi 8°27 4°35 190 
Cephalic breadth | Moslems of Egypt 4°34 3°01 144 
Minikoi (only) 4°37 3°056 143 
Javanese 4°57 3°03 151 
Copts of Egypt 5:09 3°56 143 
Sundanese 5°24 3°47 151 
Maldives with Minikoi 6°325 4°33 146 
Maldives only 6°75 4°59 147 
Banjerese 6°77 4°59 147 
Cranial height | Copts of Egypt 4:15 2°83 146* 
Moslems of Egypt 4°65 2°83 146* 
Banjerese 4°76 3°59 132 
Javanese 4°86 3°63 134 
Sundanese 6°62 4:97 133 
Maldives with Minikoi 7:70 5°092 130 
Nasal height Sundanese 2°39 5°30 45:1 
(or length) Banjerese 3°19 7:18 44°3 
Copts of Egypt 3°41 7:14 47°8 
Maldives (only) 4-02 8°07 49°8 
Javanese 4°33 9°56 45°18 
Minikoi (only) 4-79 11:97 40°0 
Maldives with Minikoi 5:77 12°54 47:0 
Nasal width Copts of Egypt 2°72, 35°96 
Maldives (only) 2°99 38°04 
Sundanese 3°05 39°80 
Banjerese 3:50 40-00 
Minikoi (only) 4°16 40-00 
Maldives with Minikoi 4°45 36°00 
Javanese 4-70 39°53 


* Auricular height not precisely comparable with other means in this section. 
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with that of other groups. For this purpose, I have a number of 
data mostly prepared by myself from the original measurements. 
As the data for the cephalic index are most numerous, they will be 
considered first. For this purpose I have collected them as shewn 
in Table V, where the values of the standard deviation are 
arranged in their sequence of increase. 

The first conclusion to be drawn from Table V is that the 
Maldive and Minikoi men agree generally in presenting a higher 
degree of variability than the other groups brought into comparison 
with them. 

But the Minikoi men are not always thus associated with the 
Maldive islanders. For in two important characters, viz. the 
stature and the width of the head, the Minikoi men are dissociated 
from those of the Maldive group. Moreover the Minikoi men are 
in these two respects more homogeneous than their neighbours. 

Thirdly, this homogeneity as regards stature and cephalic 
breadth is in strong contrast with the great variability in respect 
of the nasal index shewn by the men of Minikoi. 

Kvidently the conclusions already formed as to the mixed 
character of these island populations find confirmation in Table V. 

8. Before passing from the strict consideration of such 
numerical data, it is convenient to notice the values of the 
coefficient of correlation for certain pairs of dimensions. They 
are shewn in Table VI. | 


TasBLe VI. 
Characters compared No. of individuals | ‘‘r” | p.n. of ‘‘r” 
Maldives and Minikoi together 
1. Cephalic length and breadth 68 484 + 0564 
2. Cephalic length: Cranial height 68 *244 + 074 
3. Cephalic breadth: Cranial height 68 227 += 075 
4. Cephalic index and length 68 — -520 + 053 
5. Cephalic index and breadth 68 “475 + 056 
6. Nasal length and width 69 528 +051 
7. Cephalic index: Nasal index 68 0104 + “068 
Minikot men only 
8. Nasal length and width 20 281 = oso 


The data presented in Table VI do not differ markedly from 
those based upon measurements of very different origin. I have 
few records available for comparison, but the values set out in 
Table VII are not without interest. Yet they do not seem to 
enhance the value of “r” as a discriminating agency. 
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Taste VII. 

Group Characters compared CC TAH mers : | Reference 
Maldives with Minikoi | Cephalic length and breadth | -484| +:0564 | Duckworth 
Modern English I ma ee Bs -402| £:019 | Lee 

na apes ll a HA as *345|) +:019 |Lee 
Maldives with Minikoi | Cephalic index and length | -- 520} £:053 |Duckworth 
Sardinian crania pe es Be —°543) £-075 |Duckworth 
English - eS iy $e — 547 ? MacDonnell 
Nagqada ¥ 35 ae ie —-d51; +-041 |Lee 


9. Thus far an endeavour has been made to deal with all 
Professor Gardiner’s data or at least to subdivide them into two 
groups only, viz. the Minikoi men and the Maldivians. This was 
necessitated by the small number of individuals observed. For in 
the wider comparisons it is absolutely imperative to deal with the 
largest possible number in each area. 

But Professor Gardiner bas grouped two series of his measure- 
ments, viz. the men of Male and of Addu Atoll, according to caste. 

A review of Table III will shew that even with the small 
numbers to which each subdivision finds itself reduced, the in- 
fluence of caste is quite distinct. Moreover it acts in the same 
direction both in Male and in Addu. For in each, the higher 
caste has the higher stature, and larger head-dimensions. Indeed 
the mean values of the circumference of the head may be regarded 
as an epitome of the rest of the measurements. It should be 
noted that fishermen are in the lowest caste and class. 

The indices do not yield the same contrast, though this might 
be expected in regard to the nasal index at least, which indicates 
that the higher caste possesses paradoxically the broader nose. 
Yet the small number of examples must be recalled again, and 
this influence is doubtless much more effective in obscuring differ- 
ences in indices than in the absolute dimensions. 

10. The possible affinities of these natives forms the next 
subject of enquiry. ‘The statistical data shew that they are not 
very homogeneous, although certain distinguishing characters do 
seem to occur within their own borders. 

One feature of Professor Gardiner’s lists impressed me at once. 
Although distinguished by caste, the natives of the Maldives and 
Minikoi have Moslem names. This very paradox serves, however, 
to indicate two out of the many possible sources of the popula- 
tion of these islands. In other words, Hindustan is suggested at 
once, and again the Moslem influence, though it may have travelled 
vid that peninsula, need not have done so. 
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11. Leaving these speculations on one side for a moment, it 
is convenient to consider another possibility. In many islands of 
the south-eastern parts of Asia, indications are met with of the 
existence of pygmy types subjected to invasion by taller and 
stronger immigrants. Ceylon and the Andaman islands will serve 
as examples of the phenomenon in question. 

Evidently it is a matter of interest to make this enquiry as 
regards the Maldives. It can be undertaken without prejudice in 
the case before us, for if Ceylon and the Andamans suggest a 
succession such as has been mentioned, the history of the Maldives 
and Minikoi goes far to discountenance the idea. 

If we commence such a search, it is necessary to fix a limit of 
stature, this character having a prime value in the definition of 
pygmy types. An upper limit of 1480 mm.* will not be too great 
if it be understood to refer to adult males. The mean values for 
Andamanese and Aetas exceed this, and the same character 
among the Vedda is very considerably greater (1570). 

(a) Our preliminary search yields the following results: 


Adult males of stature less than 1480 mm. 
1. Maldives: Hulule (No. 9), 1478. 
2) ‘ : Male (No. 18), 1474. 
3. 5s : Addu (No. 44), 1466. 
4, Muinikoi: (No. 2), 1476. 
Mean value (4 individuals), 1473°5 mm. 


Consequently there is at least a proma facie case to be made 
out for the existence (in these islands) of a pygmy element. Of 
these individuals, the only information available (in addition to 
the other measurements) is to the effect that the three Maldive 
men were fishermen and therefore presumably of low caste. Two 
of the three are named Hassan, the name of the third is not 
recorded. The Minikoi man was named Ismail, and Professor 
Gardiner makes the following noteworthy comment, “ mongoloid 
eyes and rather high cheek-bones” ; this individual was fat, and 
none of the other three is described as thin or emaciated. 

(b) The four individuals thus associated stand apart in 
marked contrast to the rest by reason of their small stature. The 
next stage in the enquiry is directed to the positions occupied by 
the same men in the other seriations. For a pygmy type might 
be expected to provide other contrasts than that of stature. 
A careful search through the whole range of seriations (upon which 
the standard deviations discussed in Table IV are based) shews me 
that the short-statured men are remarkable in no other respect. 


* 4 ft. 10 in. 


+ In other words the range of variation they yield is markedly overlapped by 
that given by the remainder. This of itself need not however disprove their pygmy 
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For in no other character are they grouped together in contrast to 
the other individuals. The nasal index is not far from providing 
an exception to this statement. But so far as the nasal index is 
thus concerned, its evidence is distinctly against the idea suggested 
by the stature of the four men. For the nasal index is in distinct 
contrast with that typical of a pygmy stock. 

(c) In reference to pygmy types, a good deal of stress has 
been laid by some authors on the great relative length of the 
torso as compared with its (relative) value in the tall races. If 
we wish to take as a basis of comparison the percentage proportion 
of the torso to the stature in European races, we find that the 
percentage is regarded as about 52°5. According to theory, pygmy 
types, in some cases at least, should provide a larger number as 
representative of this percentage. 

If we turn to the short-statured individuals of the Maldives 
and Minikoi we shall find this percentage represented in two cases 
by higher values (than 52°5), viz. 53°6 (Hulule, No. 9) and 541 
(Male, No. 18). But on the contrary the two remaining values 
are 50°1 (Addu, No. 44) and 48°5 (Minikoi, No. 2) respectively. 
Evidently this test is of no use in the present instance; and 
though I have mentioned it here, I am convinced that it is not 
a reliable test in most if not in all instances. The examination of 
the existing data from various tribes scattered over all parts of the 
earth will soon bring this conviction home to the investigator. 
But where data of all kinds are as scanty as in the present 
instance, one must try every test that is not absolutely unreason- 
able. 

(d) Except in point of stature, then, the proportions of the 
four small men are as variable as they could well be. In such 
circumstances, the onus of proof is, in my opinion, transferred to 
those who elect to regard these individuals as representatives of a 
pygmy stock. This may be the case, but, if so, the stock is not 
directly comparable with others generally admitted to be pygmy. 
If a pygmy element does exist in the Maldives and Minikoi, the 
data here available do not suffice for its detection, or for a demon- 
stration of its distinctness. 

The circumstances demand that this criticism should be search- 
ing: indeed I conceive that the existence of “genuine pygmy 7 
types has been proclaimed in other instances upon a basis of 
evidence which is insufficient to warrant such a conclusion. In 
particular, I am not confident that the Vedda would survive as a 
pygmy type under sound criticism. 


nature, for I find that in about a score of characters taken at random, the Seman 
(an undoubtedly pygmy stock) are overlapped by their neighbours, the South Perak 
Malays. 
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12. Three great sources of immigration into the Maldives and 
Minikoi can be suggested at once. These are 


(1) The peninsula of Hindustan with Ceylon ; 

(i) The coasts of Arabia and possibly of Africa ; 

(iii) The western shores of the Malay Peninsula, and the 
islands of the Malay Archipelago. 


(a) The proximity of India and Ceylon lead naturally to the 
expectation that they may be called to account for some contribu- 
tion at least. But again, we have to consider the seafarers of the 
region. For hundreds of years mariners from the West have made 
their way past these islands and have penetrated as far as the 
Pacific Ocean*. They may have come from the Arabian peninsula, 
and their stock might be that known as “ Himyaritic.” Or they 
may have been accompanied by the negroes of Africa, or again by 
Semites or Negrito-Susians from the head of the Persian Gulf. 

There remains a counter-current setting westwards from the 
great Archipelago. For it must not be forgotten that whether as 
a reflux or otherwise, certain “Malayan” peoples have travelled 
extensively in this direction. Prichard in particular (Wat. Hist. of 
Mankind, 1844, Vol. tv. p. 190) speaks of Malay colonies on the 
coast of Ceylon. 

It is therefore necessary to enter upon a brief consideration of 
each of the three possible sources in turn. 

The task of comparing the natives of the Maldives and Minikoi 
with the various races of Southern India and Ceylon would enlarge 
this report to such an extent as to render it unwieldy. Only a few 
selected examples will be dealt with in this place. 

Taking first Ceylon, the Vedda may be eliminated at once. 
The comparative rarity of a nasal index exceeding 82 in the 
islands may be taken as justification for this exclusion, and it will 
also rule out the Rhodias, Tamils and Singhalese. The two latter 
stocks are further distinguished by stature superior to that of the 
average man of the Maldives or Minikoi. 

But there remains in Ceylon the very curious type known as 
that of the “Moormen” or “mariners.” They present something 
of an enigma. I took some pains therefore to enquire into their 
physical characters. For these we are indebted to the late 
Sir H. H. Risley, who has recorded anthropometric data relating 
to 22 Moormen (cf. Journ. Roy. Asiat. Soc. Bengal, Lxm. 1893, 
p. 33). Table VIII provides the comparison between these men 
and the Maldive islanders. 

The concordance is admittedly small. Yet it is perhaps not 


* The Maldivians themselves are said by Reclus (Géog. Univ.) to trade in native 
boats as far as Sumatra. MReclus also refers distinctly to Arabic influences among 
them. 
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altogether sufficient to justify the abandonment of the enquiry in 
this direction. In view, however, of the small numbers of the 
groups compared, the quest can hardly be pursued further here 
with any prospect of success. The contrasts might be attributed 
to the difference in circumstances. For the Maldive folk are pre- 
sumably less favourably situated than the inhabitants of Ceylon. 
We know little of the way in which Risley obtained his records, 
and of the social status of his subjects. But the Moormen are 
characteristically Moslem, a feature already remarked as distinctive 
of the Maldive islanders, if their names can be held to provide 
evidence on this point. And again the relation of the Moormen 
to the Malay colonies mentioned by Prichard (v. supra, p. 26), 
remains to be investigated. 


TasLeE VIII. 
ett : 22 Moormen 49 Maldive men 
Character (Risley) (Gardiner) 

SUEIUMIIC INE ey dallas cee telly 1625 1590 
LEI@rieslonh (SihiinaveR Soho mhabeansnoonedose aacouor 815'8 795°7 
Ratio: sitting height to stature=100 50°2 50°04 
ea plen othe wen: sass. uc se ceo st anceneners 182 (186)* 191°2 
EVE AAU TEMG TIG me cece cenccnheceasiesiscese vere 144 147:2 
Ven pWeiolatertansscasciosmiensinceswoaseesss 130:2 130-0 
INS ABC OIN Te tee as andes cwissenece ne s-oes AT°7 49°8 
INngeul GAiclilal G2 Saecupe aneeH ABR Sea tne nana 38°5 38°04 
Weplalichnd exes. a. .cd.s-shetaccesscse al (rye 76°2 
INiaisaileiivG Oxany Qc Acne. coaudeiaedevesesse 80°7 76:2 


* Flower’s method. About 4mm. to be added to the cephalic length and 2 units 
subtracted from the cephalic index, for comparison with groups in which the 
maximum cephalic length is recorded. 


The Tamils of Ceylon are even taller than the Moormen, their 
heads are narrower and their noses are broader. The comparison 
with the Maldive islanders fails more definitely and conspicuously 
here, though it may be remarked that the Moorman probably 
represents a blend into which a distinct Tamil element enters. 

When the Indian peninsula is considered, a vastly greater 
range of possibilities presents itself. 

In the first place, our interest must be directed inevitably to 
the comparison with such “aboriginal” hill-tribes of the Nilgiris 
as the Irulas and Kurumbas. But in my opinion the comparison 
fails conspicuously. And the failure is determined chiefly by 
the difference in the nasal index, for in this respect the contrast 
is very marked between the wide nose of the hill-tribe types and 
the relatively narrow noses of the islanders. 
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Per contra, I may be allowed to make one comment in passing. 
The “ Mongoloid” appearance of one of the Maldive men of pygmy 
stature should be recalled here in view of the fact that the 
aboriginal Kurumba of the Nilgiris is alleged by some to be of 
Mongolian aspect. The threads of evidence are, however, so frail 
that I do not venture to insist on the comparison. 

Of the great host of types which still remains for discussion, I 
must be content to select three only for consideration. For the 
comparative data I am indebted to the admirable paper by the 
late Professor E. Schmidt*, and even more to the invaluable work 
by Mr Thurston (entitled Castes and Tribes of Southern India). 

Of the three groups mentioned above, I have selected one, the 
Linga Banajiga, on account of the similarity in head-form and pro- 
portions which obtains between them and the Minikoi men. 

The Mukkavan, another tribe of Southern India, must certainly 
be considered, for they are the fisher-folk of the Malabar coast, 
and they are also distinguished by their tendency to adopt the 
Moslem religion. 

The Billava are not a littoral people, so far as I can learn, but 
they shew in their head-form so marked a tendency to brachy- 
cephaly and thus so strong a contrast with most of their neighbours 
that it seems well to include them in this comparison. The avail- 
able data will be found arranged in Table IX. 


TABLE IX. 
Maldives Linga 
Group Minikoi| with Addu | Banajiga*,) Mukkavan* | Billava* 

Minikoi Sandur 
No. of subjects 20 69 24 25 40 50 
SHEN AWURS) ocoosocode 1577 1588 1604 1656 1631 1632 
Head-length...... 182 190 196 182 190 182 
Head-breadth ...| 1438 146 148 142 142 146 
Cephalic index... 78°5 76°8 75°5 78:3 751 80-1 
Nasal index ...... 175 77:0 755 74°6 81-0 726 


* Thurston, op. ctt. 


The result of the comparison is curiously perplexing, but the 
one outstanding feature is the inferior stature of the islanders. 
Apart from this the general conclusion to be drawn is that the 
mainland tribes may be considered as grouped around the men of 
the islands, and indeed a further draft on Mr Thurston’s data 
might be made easily to confirm this view. On the whole, too, 
this comparison is more apt than that already instituted (cf. 
Table VIII) with the Moormen. 


* Schmidt, Archiv fiir Anthropologie, 1911. 
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It should be noted here, however, that, according to tradition, 
both the Mukkavan and Billava natives originally came from 
Ceylon. At the present time they are not widely separated, though, 
as has been pointed out, the Mukkavan are a seafaring folk, whereas 
the Billava are found inland. 

(ii) When we turn to the second possible source of immi- 
grants, viz. the western region including Somaliland and Arabia as 
far as the Persian Gulf, the ground is manifestly more uncertain. 
I will therefore content myself with the reminder that the possi- 
bility exists, and that a comparison of the Maldivians (especially 
the men of Addu) with the men of Yemen is not preposterously 
absurd. Yet the shorter stature and the greater tendency to 
brachycephalic heads shewn by the islanders renders the com- 
parison unsatisfactory. 

(iii) The third area to be considered may be described as the 
Malayan one. And it is important to note once more in this 
connexion that the chief difficulty hitherto encountered has de- 
pended largely on the low stature and rotundity of head met with 
in the islands. To match these, the South Perak Malays may be 
adduced at once. The Moslem names and the sporadic occurrence 
of “ Mongolian” features are also in accord with this view. There 
remains the contrast in respect of the nasal index, which points to 
a broad nose among the Malays who are thus in contrast with the 
Maldivians. 

But the Malay type is extraordinarily variable, so that the 
comparison need not be abandoned should one test (even though 
so important as that of the nasal index) seem to fail to provide 
confirmatory evidence. 

Indeed there is a good deal of evidence to be brought forward 
on this subject, and the following notes may serve to indicate the 
general trend of my surmises in this connexion. It is in fact 
known that in the Malay Archipelago the larger islands often 
possess an outlying fringe of islets inhabited by native populations 
differing from their neighbours. A contrast in stature at least is 
noticeable. Dr Hose mentioned this to me in conversation, and 
Mr Garrett, my former pupil, has just published some notes on the 
Orang Balik Papan, who may serve as examples of the stunted 
maritime populations in question. 

Further west, they are replaced by the Orang-Laut, and these 
again in turn by the Selungs of the Mergui Archipelago, and 
possibly some (though certainly not all) of the Nicobarese. In all 
instances the low stature*, brachycephalic head, and absence of 
high degrees of platyrrhiny provide just the combination of 
physical characters sought for. In conclusion, mention must be 


* The Selungs described by Dr Anderson in 1890 are however taller than the 
other tribes mentioned in this connexion. 
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made of the Biajus or sea-gypsies of Borneo, if only on account of 
a custom alleged by Prichard (Researches, etc. Vol. v. 1847, p. 87) 
to be common to them and the Maldive islanders. The custom 
consists in the preparation and launching of a small boat as an 
offering to one of their deities. And even though the custom 
be now recognised (Skeat) as of wide dispersion in Malaysia, its 
practice in the Maldives would be most significant. 

It remains to add that the discovery of Malayan affinities and 
relations may not end with the Maldive islands and their popula- 
tions. For in my opinion the question may be fairly raised as to 
whether Malay invaders ever secured a hold in the Malabar district. 
We read of Malay colonies in Ceylon. We find hints of Malayan 
influence in the Maldives. The islanders of that group are not 
without resemblance to the Mukkavan, and possibly to the Billava 
and Linga tribes just studied. Is there any Malayan blood in the 
latter 2 I can only ask the question. The answer will depend on 
the study of language and customs. In regard to the latter, it is 
at least remarkable that the Mukkavan should make offerings to 
the sea, though a closed vessel and not a model boat is employed 
as the vehicle. 


SUMMARY. 


To sum up this protracted discussion, I would conclude by 
recalling the great variability in physical type shewn to exist in 
the Maldives and Minikoi. A diversity of racial stocks is thus 
shewn to be probable. The seriations provide two-peaked curves 
in several instances, but the significance of these is not beyond 
question, although they may be really evidence in the same direction. 

Such approaches to pygmy proportions, as can be detected, are 
not to be dissociated from the effects of local conditions upon 
nutrition, ete. 

Of the possibilities in the way of invasions, I have indicated 
three main sources. On the whole, the resemblance to the mari- 
time natives of Malabar is close enough to satisfy most require- 
ments. But I feel assured that the Malabar coast is not the only 
source of immigrants, and in Minikoi especially I think that 
account must be taken of what I term generally Malayan in- 
fluences. And these may have affected the Malabar natives also 
and even before they sent immigrants into the Maldives. It is 
with regret that I am compelled to make a statement which is so 
deficient in directness. But I do not care to lay more weight on 
any evidence than it can reasonably sustain, and this thought has 
influenced the present report. In any case the fact that Professor 
Gardiner has been a pioneer of anthropometric research in this 
little-known area is a matter upon which he is to be congratulated 
warmly. 
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Notes on the volatilization of certain binary alloys in high 
vacua. By A. J. Berry, B.A., of Trinity and Downing Colleges. 


[Read 11 November 1912. ] 


In a previous paper (A. J. Berry, Roy. Soc. Proc., 1911, 864, 
67) it was shown that the compound MgZn, could be prepared by 
distillation of an alloy containing excess of zinc in an apparatus 
exhausted by cold charcoal. It was also shown that the com- 
pound MgZn, can itself be vaporized unchanged in a high vacuum. 
These observations have been repeated and confirmed and experi- 
ments have been performed on other pairs of metals in the hope 
of isolating intermetallic compounds. 

The phenomena of the vaporization of alloys when heated in 
vacuo has occupied the attention of other investigators. Thus 
Tiede and Fischer (Ber. Deutsch. Chem. Ges. 1911, 44, 1712) have 
effected a quantitative separation of lead and tin from an alloy of 
these two metals. Groves and Turner (T’rans. Chem. Soc. 1912, 
101, 585) have examined the behaviour of a number of alloys and 
have classified them into five groups as follows: 

Group i. The metals are non-volatile and the alloy is un- 
altered in weight. 

Group II. The volatile metal or metals are removed and a 
quantitative separation results. 

Group III. Any excess of volatile metal is removed and a 
chemical compound remains. 

Group IV. Any excess of volatile metal is removed, but the 
residue is not a compound. 

Group V. The metals composing the alloy volatilize together, 
their relative proportions being in part dependent on the tem-_ 
perature. 


EXPERIMENTAL. 


The experimental method already deseribed (loc. cit.) has been 
employed with but slight modifications. The distillations were 
conducted in an electric furnace, and the charcoal was kept 

immersed in liquid air during the initial stages of the distillation 
with the object of removing gas occluded within the body of the 
metal. 

Copper and cadmium. An alloy containing excess of cadmium 
was heated at a temperature of about 600° for several hours. On 
analysis it was found that the two metals bad been separated 
quantitatively. A confirmatory experiment yielded identical 
results. 
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Cadmium and magnesium. On heating an alloy containing 
excess of cadmium in vacuo both metals volatilized together, but no 
definite relation between the composition of the distillate and the 
residue was established. From the form of the equilibrium 
diagram which was worked out by Grube (Zeitsch. anorg. Chem. 
1906, 49, 72) it is probable that the compound CdMg which forms 
solid solutions with both constituents would dissociate on melting. 
It is clear that this pair of metals belongs to Group V in Turner’s 
classification. 

Magnesium and lead. Since these two metals are both 
moderately volatile in high vacua at temperatures of the order 
of 600° according to the researches of Krafft and his collaborators, 
it was thought that the compound Mg,Pb might under suitable 
conditions be volatilized unchanged as had already been observed 
in the case of the compound MgZn,. The existence of the com- 
pound Mg,Pb has been proved by the work of Grube (Zeitsch. 
anorg. Chem. 1905, 44, 117) and confirmed by Kurnakoff and 
Stepanoff (abid. 1905, 46, 177). This compound does not form 
mixed crystals with either of its constituents. In the experiments 
of the present author, alloys containing the two metals in 
approximately equivalent proportions were distilled in vacuo at a 
temperature of about 680°. It was found that the distillate 
consisted chiefly of magnesium with mere traces of lead. In no 
case was it possible to isolate a homogeneous portion of the 
distillate for quantitative analysis. Under the microscope, steel 
blue crystals embedded in a matrix of magnesium or magnesium 
silicide from the glass were plainly visible, and these portions of 
the distillate underwent rapid corrosion on exposure to the air 
with formation of a black powder—a property of the compound 
Mg.Pb noted by Grube (loc. cit.). It is noteworthy that the 
coolest portions of the tube where the distillate condensed were 
practically free from lead. According to Krafft and Bergfeld 
(Ber. Deutsch. Chem. Ges. 1905, 38, 254) lead commences to 
volatilize at 335° in a cathode ray vacuum, while Knocke (ibid. 
1909, 42, 206) has shown that magnesium under similar con- 
ditions commences to volatilize at 415°. One might, therefore, 
expect that at a temperature of 680° both metals would readily 
vaporize and condense in the cooler parts of the apparatus. It 
must be borne in mind that magnesium vapour would diffuse 
nearly three times as rapidly as lead vapour, and further, although 
the volatilization point of lead is apparently lower than that of 
magnesium it does not follow that the same order would obtain 
with regard to the vapour pressures of these two metals at higher 
temperatures. In a special experiment in which 77 grams of 
assay lead were heated for about five hours at 680° in a vacuum 
produced by cold charcoal, it was found that only a very small 
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quantity of lead in the form of a thin mirror was condensed. Such 
an experiment might indicate that magnesium is the more 
volatile at that temperature, but it would be premature to con- 
clude that this is the case in the absence of knowledge of the 
relative viscosities of the two vapours. 

While the experiments recorded in the present communication 
have not been successful in effecting the isolation of intermetallic 
compounds of the metals under consideration, a comparison of the 
result obtained in the case of the magnesium-zinc series with that 
obtained with the magnesium-lead series is not without interest. 
The maximum on the freezing point curve of the magnesium-zine 
series corresponding to the compound is remarkably sharp, while 
the maximum on the freezing point curve of the magnesium-lead 
system is rounded. It is clear that the less sharp the summit of 
the curve, the more the compound will tend to dissociate into 
its constituents on heating above its melting point. It is, there- 
fore, not surprising that all the author's attempts to distil the 
compound Mg,Pb resulted in showing that, in the state of vapour, 
this compound is largely dissociated. 
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On Pulsus alternans. By GreorGE Ratpy Mines, M.A., Fellow 
of Sidney Sussex College, and Additional Demonstrator of Physio- 
logy in the University of Cambridge. (From the Physiological 
Laboratory, Cambridge.) 


[Read 28 October 1912. ] 
[Puate I] 
Introduction. 


THE condition of pulsus alternans, described clinically in the 
first place by Traube in 1872, has long been recognised as due to 
alternation in the strength of the ventricular contractions. Alterna- 
tion in strength of ventricular contractions of the isolated frog’s 
heart was observed, described and explained by Gaskell in 1882. 

After this, for nearly twenty years, the subject received 
but little attention. Within the last ten years a number of 
papers have appeared, dealing both with the clinical and experi- 
mental aspects of the matter. Hering (1902) and Volhard (1905) 
in particular have insisted on the distinction to be drawn between 
true pulsus alternans, in which the ventricular contractions are 
evenly spaced, and pulsus pseudo-alternans or bigeminus pseudo- 
alternans, in which the intervals between the beats, as well as the 
strengths of the beats, show alternation. 

In the latter condition, the variation in size of the ventricular 
contractions depends immediately upon their being provoked when 
the ventricular muscle is in different stages of recovery from its 
last excitation and does not of necessity connote any abnormality 
in the properties of the ventricular muscle. 

In the present paper I am concerned only with the condition 
of true pulsus alternans, that is to say, the condition in which the 
ventricular beats follow regularly-occurring auricular beats at 
perfectly rhythmic intervals*, but in which the musculature 
behaves differently in successive responses, though in the same 
way in alternate responsest. 

The most important additions to our knowledge of this condi- 
tion which have been made in recent years have resulted from the 


* Under these circumstances, the pulse wave corresponding to the weak 
contractions arrives at the wrist a little late, so that the sphygmographic tracing 
shows unequal intervals between 1 and 2, and 2 and 3. Volhard shows that this is 
due to haemodynamic factors. F 

+ For convenience of discussion I shall refer from time to time to a series of 
beats, 1, 2, 3, 4, etc., referring to the beats 1, 3, 5, etc. as the “‘ odd series”’ and to 
the beats 2, 4, 6, etc. as the ‘‘ even series.” 


oe 
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method—truitful in so many directions—of taking simultaneous 


records of the activity of the heart by two or more instruments. 

In this way it has been found both clinically and in experiments 
on animals, that although in many instances the alternation is 
shown alike in pulse record, cardiogram and electrocardiogram, 
this is by no means invariably the case. Thus it may be well 
marked in the apex beat but absent from the radial pulse (Hering, 
1908) ; it may be present in the electro-cardiogram but in opposite 
phase to the apex beat or to the radial pulse, so that the large 
excursions in the one record correspond to the small excursions in 
the other. There may be similar “incongruence” between apex 
beat and pulse wave and also between two cardiograms taken from 
different points on the same chest wall (Hering). 

The appearance of an extra-systole, whether spontaneous or 
artificially provoked, may profoundly affect the course of an 
alternating series of beats, while progressive changes in such a 
series without intentional or perceptible change in the external 
conditions is frequently noted. The interest of all clinicians has 
been attracted by Mackenzie’s statement that the appearance of 
pulsus alternans in a patient usually means death within two 
years. Such are the facts which have led Lewis (1911) in a 
recent review of the subject to characterise pulsus alternans as 
“one of the most mysterious and most important mechanisms of 
the heart with which clinicians have to deal.” 


The interpretation of pulsus alternans. 


I have already stated that Gaskell in 1882 gave an explanation 
of pulsus alternans. Largely owing to the overwhelming interest 
of his later work on the tortoise heart, the full significance of 
Gaskell’s explanation has been overlooked and another view, 
superficially resembling it and really forming one special case 
of it, has been widely adopted. The recent discoveries about 
pulsus alternans have shown this view to be inadequate. 

I shall first quote Gaskell’s explanation and examine the 
grounds on which its single assumption is founded; I shall then 
discuss the more recent hypothesis which makes the same funda- 
mental assumption, but neglects its logical consequence, and finally 
I shall show how Gaskell’s original suggestion lends itself to the 


interpretation of the various phenomena which at first appear so 


perplexing. 
Gaskell’s experiments on the frog’s heart showed conclusively 
the following facts about alternation : 
(1) that it depended on a local alteration in the condition of 
the ventricle ; 
| ey) 
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(2) that it could be abolished temporarily by stimulation of the 
vago-sympathetic trunk ; 

(3) that during the course of alternation there was a relation 
between the beats such that if the even series got smaller, the odd 
series got larger, and vice versa. 

After describing and illustrating the last pomt Gaskell con- 
tinued as follows: 

“Now we know from the experiments of Bowditch that the 
force of the ventricular contractions is independent of the strength 
of the stimulus. The explanation, therefore, of this alternation in 
the force of the contractions must be sought for in the muscular 
tissue itself, and it seems to me that the most probable explanation 
is that a larger amount of tissue contracts when the beats are 
large than when they are small, and that, therefore, in all prob- 
ability, certain portions of the ventricle respond only to every 
second impulse, while other portions respond to every impulse. 
Tke observations of Aubert show that by the direct action of 
a blow a circumscribed area of the ventricular muscle can be 
made to remain quiescent, while the rest of the ventricle is 
contracting rhythmically. 

“JT am inclined, therefore, to suggest that, owmg to some 
cause in the manipulation, such as cutting open the ventricle, 
or some other cause which affects the ventricle unequally, the 
excitability of the ventricular muscle is at the time not absolutely 
the same throughout, so that, although the impulses remain the 
same in strength, yet certain parts which possess a lower excitability 
are able to respond only to every second impulse, while the rest of 
the tissue responds to every impulse. In this way, if the strength 
of the contractions depends upon the amount of tissue contracting, 
we see not only that every second beat must be larger, but also 
that the size of each strong contraction must vary inversely as the 
size of each corresponding weaker contraction.” 

The quantitative expression for the excitability of an irritable 
tissue towards a particular variety of stimulus is the inverse of the 
strength of stimulus needed to excite it. If a piece of ventricular 
muscle is acted upon by stimuli, whether these be electric or 
whether they be auricular excitations, the muscle will respond 
to every stimulus, provided that a certain relation exists between 
the strength of each stimulus and the degree of excitability of the 
muscle when it arrives. But since the excitability of the muscle 
is greatly depressed after the beginning of each excitation, and 
increases after a time gradually, at first rapidly and then more 
slowly, it is evident that if the stimuli arrive too frequently only 
every alternate stimulus will find the heart muscle in a condition 
in which it can be excited (Hofmann, 1901). In a similar way, if 
stimuli of a certain strength arrive at a frequency such that each 
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stimulus causes a ventricular contraction, it is evident that by 
lowering the excitability of the muscle, the whole cycle of changes 
in excitability of the muscle may be carried out at a lower level 
than before, so that, even without supposing that the process of 
recovery of excitability goes on slower in the depressed than in the 
normal tissue, it is clear that it will have to go on longer before 
the excitability reaches the value at which the stimulus becomes 
liminal. And if the time taken to reach this value is greater than 
the interval between two stimuli, it is evident that every second 
stimulus must fail to excite. The range of muscular excitability 
over which this state of affairs will hold for a given strength of 
stimulus is considerable. In such cases the “half-rhythm” is 
due to the refractory phase of the muscle. In other instances it 
may be attributed to a property possessed by all excitable tissues— 
the power of summation of stimuli. If the excitability of the 
muscle is below a certain grade, a stimulus which is subliminal 
may yet so raise the excitability of the muscle as to render the 
same stimulus on repetition liminal. It appears certain from the 
experiments of von Basch (1880) and others that this is the 
explanation of many cases of “half rhythm.’ For our present 
discussion it matters little which of these explanations holds in 
any particular case, though it is important to note that the exist- 
ence of these two well defined mechanisms, either of which may be 
responsible for “half-rhythm” and both of which are known to 
produce it, increases the chances of the occurrence of this type 
of relation between heart muscle and a rhythmic succession of 
stimuli in any particular instance and extends the range of modi- 
fication of the excitability over which “half-rhythm” may occur. 
That a condition of depressed excitability atfecting part of the 
ventricular muscle is indeed responsible for alternation, is strongly 
supported by the fact that alternation is removed by just those 
methods which improve the excitability of the heart muscle. Thus, 
for example, bathing with Ringer’s solution* or stimulation of 
the vago-sympathetic, as Gaskell showed, produces just the effects 
demanded by the hypothesis. 


Fig. 1 shows an instance in which alternation, here much 
more marked in the electrogram than in the mechanical record, 
was abolished after stimulation of the sinus venosus. 


A peculiar and instructive case is that shown in fig. 2. 
Examination of the two upper lines of the tracing near the 
beginning, the records of the auricular and ventricular contrac- 
tions respectively, would suggest that it is a case of partial 
auriculo-ventricular block. But the electrogram of the ventricle 


* Cf, Mines, Proc. Camb. Phil. Soc. Vol. xvt. (1912), Plate 6. 
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(the third line of the tracing) shows that every auricular excitation 
reaches the ventricle, but apparently the alternate excitations 
spread only a very short way into the muscle, affecting so few 
ie that their mechanical response is too slight to move the 
ever. 

After stimulation of the sinus venosus, the electrical response 
of the alternate ventricular excitations which before were very small, 
greatly increases in size—indicating probably that the excitation 
process spreads further into the muscle, while the mechanical 
response makes its appearance. We have thus the appearance 
of a mechanical alternation as a result of stimulating the sinus 
venosus. This condition continues some time after the stimulation 
has ceased and then gradually disappears, the electric response 
returning finally to the condition which obtained at the beginning 
of the tracing. It is obvious that this was an extreme case of 
alternation, in which nearly the whole of the ventricular muscle 
failed to respond to the same alternate series of excitations. The 
stimulation of the intracardiac nerves reduced the grade of the 
alternation, making the alternate beats for a time more nearly 
alike im extent. 


The view propounded by Hering (loc. cit.), by Muskens (1907) 
and by several other authors is that in the condition of alternation 
the whole musculature of the ventricle contracts in one beat, while 
a portion of the musculature fails to contract in the next beat, and 
so forth. 


This view employs Gaskell’s assumption, 


(1) that part of the ventricular muscle has its excitability so 
depressed that it can respond only to every other auricular 
excitation, but it adds the further assumption, which, as I shall 
show, is not only unnecessary, but vicious, namely, 


(2) that the musculature, of which the excitability is depressed, 
responds all of it to the same excitations; ie. all of it to the first, 
third and fifth excitations or all of it to the second, fourth and 
sixth excitations, and so forth. 


The effect on the contraction of the heart as a whole, of 
depression of excitability of a portion of the musculature such 
as to cause half-rhythm im this portion, will depend on the region 
in which this musculature is situated. If it is placed on the sole 
route by which excitations reach a large tract of musculature— 
as for example in the junctional tissue between auricles and 
ventricles—the effect will be to impress the half-rhythm on this 
tract of musculature, the excitability of which is in reality 
normal. 

The differences known to exist in the mammalian heart between 
the musculature of the bundle of Stanley Kent, and that. of the 
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auricles and ventricles, make it easy to imagine that this tissue 
may be. affected differently from the rest of the musculature of 
the heart by a change of external conditions to which the whole 
musculature is exposed. But the ventricular muscle does not, so 
far as we know, present any regular differences in its various parts; 
though it is always to be expected that in any collection of excit- 
able cells some will be above and some below the .average of 
excitability. If the average excitability of the ventricular muscle 
is gradually depressed, some portions of it, those namely below the 
average excitability, will reach the condition in which they assume 
half-rhythm before the main part of the musculature has reached 
this condition. If these fibres are directly connected with each 
other the chances are in favour of their contracting in response to 
the same series of excitations, odd or even. For under these 
circumstances, if we consider the case of two fibres A and B, 
A may respond to excitation, reaching it by way of B or by 
perhaps one or two other routes. If in the even series of excita- 
tions of the ventricle in general, B fails to be excited, it is plain 
that A has a greater chance of receiving a successful stimulus 
during the odd series, when excitation arrives by way of B as well 
as by other routes. And, of course, where a number of contiguous 
fibres are concerned these may surround other fibres which are 
never reached by excitations except those coming by way of the 
affected fibres. In such cases it will be true to speak of heart 
block in the ventricular walls; fibres isolated in this way will of 
necessity follow the rhythm of their neighbours, whether their own 
excitability is depressed or not. 


But there is no justification for the assumption that when the 
excitability of the ventricular muscle is gradually depressed, the 
fibres which are below the average excitability of the muscle at 
the time and in which half-rhythm develops will all be situated 
at a single focus. Much more likely is it that they will be 
distributed in various regions. And whether there are two foci 
or twenty, each one will respond either to the odd or to the even 
series of excitations. The chances are obviously against all of the 
foci responding to the odd or all to the even series. And if there 
are more than two foci, the chances are against their being equally 
divided between the two series—though both of these conditions 
are possible and may be expected to arrive occasionally. 

To put the position tersely we may use symbols. Let V be the 
whole ventricular muscle and v the portion of it which is depressed 
in excitability so as to be capable only of the half-rhythm. 

Then on the view of Muskens and Hering the series of beats 
runs thus, 


Tes We el =a OO (1), 
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while in order to give adequate expression to the possibilities of 
Gaskell’s hypothesis we must subdivide v, thus v=v'+v”. Then 
the series of beats will run 


V—v, V—v"’, Vv’, Veu", Ge. cccccccceees (2). 


Series (1) then expresses only the special case of (2) in which 
v or v’=0. 

Clearly, whenever v' is greater or less than v’, as will happen 
in most cases, there will be alternation in the extent to which the 
ventricle contracts and so alternation in the pulse wave, if the 
circulation is intact. 

But while the relative force of contraction of the ventricle 
in the beats V—v' and V—v" as registered by the suspension 
method or by the pulse wave, will depend chiefly on the relative 
amounts of tissue in v’ and v”, the apex beat (which is due largely 
to a twisting of the ventricles) and the electrocardiogram (which 
is affected by the path of the excitation wave in the musculature) 
will depend in even greater measure on the positions of the 
portions of muscle v' and v’. Therefore, when v' is greater than 
vy’, the pulse wave corresponding to V—v" will be greater than 
that corresponding to V—v’, while the apex beat corresponding to 
V—v" may be either greater or less than that corresponding to 
V-—v'. This may be made clearer by taking an extreme case. 
Supposing that v' represents a fairly large area of muscle in the 
posterior wall of the ventricles while »” represents a much smaller 
area in the anterior walls. The radial pulse wave produced by 
V—v' will be greater than that due to V—v’, but the apex beat 
may easily be greater for V—v' than for V—v’. Thus the larger 
apex beats will fall in the odd series, the larger pulse waves in 
the even series. 

Similarly with respect to the electrocardiogram. The failure of 
excitation in a small region near the apex is likely to produce greater 
modification of the detectable electric variation of the whole heart, 
than is the failure of a larger amount of muscle nearer the base. 

In those cases where v =v", the pulse waves or the suspension 
record may show no alternation, while the apex beats or the electric 
variations, or both, give clear evidence of alternation. 

Such cases are of peculiar interest ; although absolute equality 
of v' and v’’ will be extremely rare, an approximation to this con- 
dition is encountered fairly often, so that while the beats of the 
ventricle are apparently only very slightly if at all different in 
size, the electrogram exhibits marked alternation. It was through 
finding several cases of this kind in the frog’s heart that my interest 
in the subject was aroused*. 


* T have already published examples in this Journal. See Vol. xvi. Plate vit. 
Figs. 8, 9, 10. 
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It is possible to interpret such curves as these on the assump- 
tion that the path followed by the excitation wave in the ventricle 
was different in the odd and in the even series of excitations. The 
mechanical record, unlike the electrical, takes no count of the order 
in which the various regions of the ventricle become excited. 

It is interesting to note that this condition, for which I have 
proposed the name pulsus alternans celatus, is frequently followed 
by marked mechanical alternation. An instance of this has been 
shown*. Comparison of curves (b) and (c)* illustrates once more 
the fact discovered by Gaskell, that when the odd series gets 
smaller the even series gets larger. Evidently this means that 
a portion of the tissue which was contracting with the odd series 
goes over to the even series or vice versa. To do so, it has only to 
miss one beat or to take up one extra excitation. 

Windle (1910) in fig. 7 of his paper gives a curve which illus- 
trates the same point. 

From what has been said, it is clear that an extra-systole of 
the musculature as a whole, whether provoked by an idio- 
ventricular excitation or by an artificial stimulus, will be expected 
to influence very materially the distribution of the tissue v’ and v” 
between the odd and the even series. Exactly what etfect the 
extra-systole will produce will depend on the moment of its 
arrival. Theoretically it may be expected sometimes to reduce 
and sometimes to increase the extent of the alternation, depending 
on the phase in which it arrives. But it will generally produce 
one or the other effect, for it is only for a short period in each 
complete cycle of two beats that v’ and v” are both refractory. 
Supposing at a certain instant v’ is refractory and v” is not. At 
the beat about to arrive v” would respond. But if at this mstant 
an extra-systole occurs, v” will give a premature response and will 
then miss either one or two natural excitations, depending on the 
exact time relations of the extra-systole and the natural excitations. 
Ifit missesone only it will be transferred from one series to the other. 

These conclusions are precisely in accord with Windle’s observa- 
tions: that extra-systoles have a profound effect on the course of 
pulsus alternans, but sometimes in the direction of increasing and 
sometimes reducing the alternation. 


Postscript. Since the above was written my attention has 
been drawn to another paper by Hering (Zeitschr. f. exper. Pathol. 
u. Therap. 1909, vit. p. 363). On p. 372, Hering put forward a 
view which is practically identical with that advocated in the 
present paper. He did not, however, recognise that this view 
was implicit in Gaskell’s original statement. 


Nov. 13, 1912. 
* loc. cit. Fig. 11. 
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DESCRIPTION OF PLATE I. 


Fic. 1. Frog’s heart. Top line of record shows contractions of an 
auricle (down-stroke = systole). Second line of contractions of ventricle. 
Third line electrogram by direct derivation of base and apex of ventricle. 
Einthoven galvanometer. High tension of quartz fibre. Sensitiveness 
—about 8 mm. deflection for 1 centi-volt. Alternation, developed 
spontaneously. Signal line indicates stimulation of sinws venosus with 
tetanising current of moderate strength. Time in seconds. 


Fie. 2. Frog’s heart. Arrangement as in Fig. 1. Description in 
text. 
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The Diffraction of Short Hlectromagnetic Waves by a Crystal. 
By W. L. Braae, B.A. Trinity College. (Communicated by 
Professor Sir J. J. Thomson.) 


[Read 11 November 1912. ] 


[PLATE TT.] 


Herren Friedrich, Knipping, and Laue have lately published 
a paper entitled ‘Interference Phenomena with Roéntgen Rays*,’ 
the experiments which form the subject of the paper being carried 
out in the following way. A very narrow pencil of rays from an 
X-ray bulb is isolated by a series of lead screens pierced with fine 
holes. In the path of this beam is set a small slip of crystal, 
and a photographic plate is placed a few centimetres behind the 
erystal at right angles to the beam. When the plate is developed, 
there appears on it, as well as the intense spot caused by the 
undeviated X-rays, a series of fainter spots forming an intricate 
geometrical pattern. By moving the photographic plate back- 
wards or forwards it can be seen that these spots are formed by 
rectilinear pencils spreading in all directions from the crystal, 
some of them making an angle of over 45° with the direction 
of the incident radiation. 

When the crystal is a specimen of cubical zinc blende, and one 
of its three principal cubic axes is set parallel to the incident 
beam, the pattern of spots is symmetrical about the two re- 
maining axes. This pattern is shown in Plate II. Laue’s 
theory of the formation of this pattern is as follows. He con- 
siders the molecules of the crystal to form a three-dimensional 
grating, each molecule being capable of emitting secondary 
vibrations when struck by incident electromagnetic waves from 
the X-ray bulb. He places the molecules in the simplest possible 
of the three cubical point systems, that is, molecules arranged in 
space in a pattern whose element is a little cube of side ‘a, with 
a molecule at each corner. He takes coordinate axes whose 
origin is at a point in the crystal and which are parallel to the 
sides of the cubes. The incident waves are propagated in a 
direction parallel to the z axis, and on account of the narrowness of 
the beam the wave surfaces may be taken to be parallel to the zy 
plane. The spots are considered to be interference maxima of the 
waves scattered by the orderly arrangement of molecules in the 
erystal. In order to get an interference maximum in the direction 


* Sitzwngsberichte der Kéniglich Bayerischen Akademie der Wissenschaften. 
June 1912. 
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whose cosines are a, , y, for incident radiation of wave-length 2, 
the following equations must be satisfied 


aa—h)r, “ap—hr, a(l—vy)— hee (1) 


where h, h, hs are integers. 

These equations express the condition that the secondary 
waves of wave-length »X from a molecule, considered for simplicity 
as being at the origin of coordinates, should be in phase with those 
from its neighbours along the three axes, and that therefore the 
secondary waves from all the molecules in the crystal must be in 
phase in the direction whose cosines are a 8 ¥. 

The distance of the crystal from the photographic plate in the 
experiment was 3°56 cm. The pencil of X-rays on striking the 
crystal had for cross-section a circle of diameter about a millimetre, 
and the dimensions of the spots are of the same order. The plate 
of crystal was only 5 millimetre thick. It is thus easy to calculate 
with considerable accuracy from the position of a spot on the 
photographic plate the direction cosines of the pencil to which it 
corresponds, since the pencils of rays may be all taken as coming from 
the centre of the crystal. Laue found, on doing this for each spot, 
that as a matter of fact the values for a 8 1—y so obtained were 
in the numerical ratio of three small integers h, h, h, as they 
should be by equations (1). 

For instance, a spot appears on the photographic plate whose 
coordinates referred to the x and y axes are 


x= 28cm, y=142 cm. 


The distance of the crystal from the photographic plate, 
3°56 cm., gives Zz. 


Thus since S/S BED BOP SB 
aoe B me 1 ae 1 
b) BOLT Us 8B a2 =v 
ars 98 142 27° 
or a 8 Alive ole 


Laue considers some thirteen of the most intense spots in the 
pattern. Owing to the high symmetry of the figure, the whole 
pattern is a repetition of that part of it contained in an octant. 
Thus these thirteen represent a very large proportion of all the 
spots in the figure. For these spots he obtains corresponding 
integers h, h, h; which are always small, the greatest being the 
number 10. But even if one confines oneself to integers less than 
10, there are a great many combinations of h, h, h; which might 
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give spots on the photographic plate which are in fact not there, 
and there is no obvious difference between the numbers h, h, h, 
which correspond to actual spots, and those which are not repre- 
sented. 

To explain this Laue assumes that only a few definite wave- 
lengths are present in the incident radiation, and that equations 
(1) are merely approximately satisfied. 

Considering equations (1) it is clear that when h, h, h; are fixed 


r E ae 

qn only have one value. However if h, h, h; are multiplied by 
an integral factor p, equations (1) can still be satisfied, but now 
by a wave-length ae By adjusting the numbers h, h, h; in this 


way, Laue accounts for all the spots considered by means of five 
different wave-lengths in the incident radiation. They are 


r= 03774 
X= 056840 
rv = ‘06634 
N— otc, 
r= ‘1484. 


For instance, in the example given above, where it was found 
that 


a: Voy: bed: 1 
these numbers are multiplied by 2, becoming 2.10.2. Then 
they can be assigned to a wave-length 


037 
a 


approximately equal to the first of those given above. 
However, this explanation seems unsatisfactory. Several sets 


of numbers h, h, h, can be found giving values of * approximating 


very closely to the five values above and yet no spot in the figure 
corresponds to these numbers. I think it is possible to explain 
the formation of the interference pattern without assuming that 
the incident radiation consists of merely a small number of wave- 
lengths. The explanation which I propose, on the contrary, assumes 
the existence of a continuous spectrum over a wide range in the 
incident radiation, and the action of the crystal as a diffraction 
grating will be considered from a different point of view which 
leads to some simplification. 
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Regard the incident light as being composed of a number of 
independent pulses, much as Schuster does in his treatment of 
the action of an ordinary line grating. When a pulse falls on a 
plane it is reflected. If it falls on a number of particles scattered 
over’a plane which are capable of acting as centres of disturbance 
when struck by the incident pulse, the secondary waves from them 
will build up a wave front, exactly as if part of the pulse had been 
reflected from the plane, as in Huygen’s construction for a re- 
flected wave. 

The atoms composing the crystal may be arranged in a great 
many ways in systems of parallel planes, the simplest bemg the 
cleavage planes of the crystal. I propose to regard each inter- 
ference maximum as due to the reflection of the pulses in the 
incident beam in one of these systems. Consider the crystal as 
divided up in this way into a set of parallel planes. A minute 
fraction of the energy of a pulse traversing the crystal will be 
reflected from each plane in succession, and the corresponding 
interference maximum will be produced by a train of reflected 
pulses. The pulses in the train follow each other at intervals of 
2d cos 6, where @ is the angle of incidence of the primary rays on 
the plane, d is the shortest distance between successive identical 
planes in the crystal. Considered thus, the crystal actually 
‘manufactures’ light of definite wave-lengths, much as, according 
to Schuster, a diffraction grating does. The difference in this case 
lies in the extremely short length of the waves. Each incident 
pulse produces a train of pulses and this train is resolvable into a 
series of wave-lengths d, * x etc. where X = 2d cos 0. 

Though to regard the incident radiation as a series of pulses 
is equivalent to assuming that all wave-lengths are present in its 
spectrum, it is probable that the energy of the spectrum will be 
greater for certain wave-lengths than for others. If the curve 
representing the distribution of energy in the spectrum rises to a 
maximum for a definite ) and falls off on either side, the pulses 
may be supposed to have a certain average ‘ breadth’ of the order 
of this wave-length. Thus it is to be expected that the intensity 
of the spot produced by a tzain of waves from a set of planes in 
the crystal will depend on the value of the wave-length, viz. 2d cos @. 
When 2d cos @ is too small the successive pulses in the train are 
so close that they begin to neutralize each other and when again 
2d cos @ is too large the pulses follow each other at large intervals 
and the train contains little energy. Thus the intensity of a spot 
depends on the energy in the spectrum of the incident radiation 
characteristic of the corresponding wave-length. 

Another factor may influence the intensity of the spots. 
Consider a beam of unit cross-section falling on the crystal. The 
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strength of a pulse reflected from a single plane will depend on 
the number of atoms in that plane which conspire in reflecting 
the beam. When two sets of planes are compared which produce 
trains of equal wave-iength it is to be expected that if in one set 
of planes twice as many atoms reflect the beam as in the other 
set, the corresponding spot will be more intense. In what follows 
I have assumed that it is reasonable to compare sets of planes in 
which the same number of atoms on a plane are traversed by unit 
cross-section of the incident beam, and it is for this reason that I 
have chosen the somewhat arbitrary parameters by which the 
planes will be defined. They lead to an easy comparison of the 
effective density of atoms in the planes. The effective density is 
the number of atoms per unit area when the plane with the atoms 
on it 1s projected on the zy axis, perpendicular to the incident light. 

Laue considers that the molecules of zinc-blende are arranged 
at the corners of cubes, this being the simplest of the cubical 
point systems. According to the theory of Pope and Barlow this 
is not the most probable arrangement. For an assemblage of 
spheres of equal volume to be in closest packing, in an arrange- 
ment exhibiting cubic symmetry, the atoms must be arranged 
in such a way that the element of the pattern is a cube with 
an atom at each corner and one at the centre of each cube 
face. With regard to the crystal of zinc-blende under considera- 
tion zine and sulphur being both divalent have equal valency 
volumes and their arrangement is probably of this kind. It will 
be assumed for the present that the zinc and sulphur atoms are 
identical as regards their power of emitting secondary waves. 

Take the origin of coordinates at the centre of any atom, the 
axes being parallel to the cubical axes of the crystal. The distance 
between successive atoms of the crystal along the axes is taken for 
convenience to be 2a. 

All atoms in the az plane will have coordinates 


pa o ga 


where p and q are integers and p+q iseven. See fig. 1 in text. 

The same holds for atoms in the yz plane. Therefore any 
reflecting plane may be defined by saying that it passes through 
the origin, and the centres of atoms 


pa o qa 
0 Ta sa 
For instance, the plane on which the triangle O.AB lies passes 
through the origin and 
a.0 3H 
G@. Oe 
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The planes can now be classified by the corresponding values 
of p, g, 7, § aS parameters. 


The direction cosines of a plane p q 7 s will be 
rq ps ERs 
vps? + gr? + pr Vp? + Pr + pr an D'S) Qe sepals 
If these are called / m n the direction cosines of the reflected 
beam are 


2in, 2mn, 2n?—1, 


f 


Fic. 1. 


and the position of the interference maximum on the photographic 
plate can be found in terms of these quantities. 

The corresponding wave-length is 2dcos@ where d is the 
perpendicular distance between successive planes. Now @ is the 
angle of incidence, therefore cos @=nabove. It is easier to find 
the intercepts which successive planes cut off on the z axis, than 
their perpendicular distance apart. Calling these intercepts /, then 


XV = 2d cos 06 =2.1 cos @. cos 0 = 2In?. 
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Consider the atoms as arranged in vertical rows parallel to 
the z axis in the figure. A plane for which p=1 and r=1 passes 
through one atom in every one of these vertical rows (see fig. 3). 
Therefore the next plane to it passes through a set of atoms all 
2a above the corresponding atoms in the first plane. Thus for 
this set of planes, J=2a and the wave-length \=4an2. The 
effective density of atoms on such a set of planes is the greatest 
possible. 

If p=1, r=2, each plane now passes through atoms in one 
half of the vertical rows. For instance, the plane through the 
origin contains no atoms in those vertical rows for which r 1s odd. 

| 2 

The successive planes must cut the z axis at intervals >: since 
the effective density of atoms in each is half as great as before and 

the whole number of atoms in unit volume of the crystal remains 

constant. Similarly if p=1, r=3 jae and so forth. 


3 
2a 
In the general case / = TERmNonpiandy 


In the tables given below planes with the same effective 
density of atoms on them, and therefore the same values of /, are 
grouped together. 

__ The position of the spot reflected by each system of planes 
considered has been calculated, also the wave-length of the 


| 


: : a 
reflected train expressed for convenience in the form 7 and when 


‘in the photograph a spot is visible in the position calculated, its 
‘intensity is denoted by star according to an arbitrary scale. 


vv Vv y 
ae * * + e 


| When no spot appears in the calculated position, I have put 
‘invisible’ opposite that plane. 

_ There is no need to go any further than the set for which 
| p=" , to obtain all the spots in the photograph. Indeed only 
one spot is given by this last set. 

Only one spot on the plate is to be assigned to planes of this 


class. It is curious that the value of corresponding to this spot 


should be as great as 11°2. It is noticeable in the photograph 
that all spots at any distance from the centre of the pattern tend 
‘to become very faint, and the values of p, g, 7, s which do give a 
spot in Table IV are the only ones to be found giving a spot 
at all near the centre. In the first three tables the parameters 
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corresponding to a value of = between 6 and 9 are represented by 


the most intense spots. 


Every spot in the photograph is accounted for in the following 


So ee 


Tables. J think it is evident that the sets of planes which actually — 


reflect spots can be arranged in a very complete series with few 
or no gaps. Though at first sight it may appear that in the 


TABLE I, 


Planes for which p=1, r=1, l= 2a, X= 4an?. 


p q T s " Intensity hy hg hg 
1 1 1 3 2°8 % 1 3 1 
1 1 1 5 6°8 M% 1 5 1 
1 1 1 7 12°8 % 1 7 1 
1] 1 1 9 20:8 Invisible 1 9 1 
] 3 1 1 2°8 % 3 ih 1 
1 3 1 3 4°8 % 3 3 1 
1 3 1 5) 8:8 DG 3 5 1 
1 3 1 if 14:8 + 3 7 1 
1 3 1 9 22°8 Invisible 3 9 1 
1 5 1 1 6°8 a 5 1 1 
1 5 l 3 8:8 Me 5 3 1 
1 5 1 5 128} * 5 5 1 
1 5 1 7 18°8 Invisible 5 ii 1 
1 7 1 1 12°8 * a ] 1 
1 7 1 3 14:8 + i 3 i 
1 7 1 5 18°8 Invisible 7 5 1 
il 9 1 1 20°8 | Invisible | 9 1 1 


Range of values of , all possible up to 15. 


tables the parameters are selected in a somewhat arbitrary way, 


they are in reality the simplest possible. For instance, in Table — 


III the first values for p, g, 7, s considered are 1, 1,3, 5. This 


is so because ‘r+s’ must be positive. If 7=1, s must be odd. 
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1, 1, 3, 1 and 1, 1, 3, 3 would reflect the beam so as to miss the 
photographic plate. 1, 1, 3, 5 and 1, 1, 3, 7 are considered. 
1, 1, 3, 9 has already been considered as 1, 1, 1, 3, and 1, 1, 3, 
11 gives a value for the wave-length outside the ‘visible’ range. 

In fig. 3, Plate II, is given a photograph of the interference 
pattern which Laue obtained. In fig. 4, Plate II, the key to the 
pattern has been drawn, showing in what planes the spots are to 
be considered as reflected. 


TABLE II. 


Planes for which L.c.M. of p and r=2, l=a, X= 2an’. 


p q r s . Jutensity hy he hs 

iL eae 3 ° Qi ee? 
1 i 2 8 9 * 2 8 2 
I 1 2 12 19 Invisible 2 12 2 
2 4 2 0 2-5 Invisible 4 0 2 
2 4 2 a 4:5 ° 4 4 2 
2 zt 2 8 10:5 eo? 4 8 2 
il 5) 2 0 5 % 0 2 
1 5) 2 4 7 * 6 4 2 
ee 2). 8 | 18 2! 6 | 2 
2 8 2 0 8:5 e 8 0 2 
2 2 4 10:5 eo 8 4 2 
1 yd a 0 13 Invisible | 10 0 2 


Consider a reflecting plane which passes through the atom at 
the origin and a neighbouring atom, let us suppose the atom whose 
coordinates are a, 0, a. As the plane is turned about the line 
through these two points the reflected beam traces out a circular 
cone, which has for axis the line joining the two points and for 
one of its generators the incident beam. This cone cuts the 
photographic plate in an ellipse. If the atom through which 
the plane passes is in the #z plane as above, the ellipse touches 
the y axis on the photographic plate at the origin. Now take 
a plane passing through the origin and a point 0, a, 3a. The 
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TABLE III. 
, 2 Aan? 
Planes for which u.c.M. of p and r=3, l= a , A= = 
p q r s ‘ Intensity hy hg hg 
1 1 3 5 3°6 Invisible a 3 
] 1 5) if 5:6 e 5) i 3 
1 1 3 IL 11:6 Invisible 5) at 3 
Bad wa S onli Mm Nina | 8 | 5 | = 
3 5 3 a 6-9 * 5 a 3 
3 5 3) 1 12°9 Invisible 5 iol 3 
3 7 5) 1 4:9 Invisible a 1 3 
3 a 3 5 6:9 x a 5 3 
3 0 3 7 8:9 = Gi a 3 
3 7 3 ial 14:9 Invisible a 11 5) 
1 3 3 1 7°6 % 9 1 3 
1 3 3 5 9-6 + 9 5 3 
il 3 3 a 11-6 Invisible 9 di 3 
Range of values of = HG) = OG. 
RABE Ve 
Planes for which the L.c.M. of p and r=4, l= = ; 
_ 4an? _ a 
= a. 
“rT 
p q r SG «| . Intensity hy lig hea 
1 il 4 10 8-2 Invisible 4 10 4 
1 IL 4 14 16:2 Invisible 4 14 4 
2 4 4 10 Ie i 8 10 4 
il 3 4 6 12:2 Invisible 12 6 4 
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locus of the reflected spot as it turns is again an ellipse, which 
now touches the # axis. The intersections of the two ellipses 
will give the position of a spot reflected by a plane passing 
through all three points, the origin, the point a, 0, a, and the 
point 0, a, 3a. 

The ellipses are drawn in the figure, and the plane corresponding 
to any spot can be found by noting the ellipses at the intersection 
of which the spot lies. Only those ellipses have been drawn which 
give the points in Table I. It will be seen that a very large 
proportion of the spots in the photograph lie at the intersection 
of these. 

The analysis involved in this way of regarding the interference 
phenomena must be fundamentally the same as that employed by 
Laue. In fig. 1, suppose the phase difference between vibrations 
from successive atoms along the three axes, when waves of wave- 
length » fall on the crystal, to be 27rh,, 27rh,, 27h;. Then in order 
that the vibrations from those atoms, which are arranged in the 
figure at the centres of the cube faces, should also be in phase, 
one must have 

fo = an integer, = Ra an integer. 

This condition is simply expressed by saying that h,, h., hz 
must all be even or all odd integers. When hy, hy, hs are given, 
the value of X follows from 


Ie 2h, 
2a VAP the the 


since here 2a has been taken as the distance between neighbouring 
molecules along the three axes. 

If the three simplest values of h,, h., hs for a spot on the plate 
are not all odd, or all even, then these numbers must be doubled 
to make them even and the wave-length accordingly halved. 

When this is done, it can be seen that for each value of h, there 
is a series of values of h, and h,. These numbers all give spots in 


the photograph if the corresponding value of - lies within a certain 
range. The smaller the number /,, the larger is the range of = for 
which spots are visible. Spots whose - lies near the extremity of 


the range are very faint, those whose - is in the middle of the 


range are intense. In the tables the values of h,, hz, hz corre- 
sponding to each spot are set down. 
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It is quite probable that the qualitative explanation put forward 
here to account for the intensities of the spots is not the right one, 
other explanations being possible. For instance, one might substi- 
tute for the factor termed ‘effective density’ above, one which 
expressed the fact that, other things being equal, spots nearer the 
centre of the pattern were more intense than those farther out. 
This, together with the right curve for the distribution of energy 
in the spectrum of the incident radiation, could be made to account 
for the intensities quite reasonably. This does not vitiate the 
conclusion that the spots in the pattern represent a series which 
is complete, and characteristic of a cubical crystalline arrangement. 
The other arrangements of cubical point systems cannot, as far as 
I can see, give such a complete series. The other possible arrange- 
ments have for elements of their pattern (1) a cube with a molecule 
or atom at each corner, the arrangement which Laue pictured, or 
(2) a cube with a molecule at each corner and one at the centre. 
Neither arrangement will fit the system of planes given above. It 
is only the third point system, the element of whose pattern has a 
molecule at each corner and one at the centre of each cube face, 
which will lend itself to the system of planes found to represent 
spots in the photograph. 

This last system, seeing that it forms an arrangement of the 
closest possible packing, is according to the results of Pope and 
Barlow the most probable one for the cubic form of zinc sulphide. 

In one of the photographs taken by Messrs Friedrich and 
Knipping the crystal was so oriented that the direction of the 
incident radiation made equal angles with the three rectangular 
axes of the crystal. In this case a figure is obtained in which the 
pattern is a repetition of the spots contained in a sector of angle 
= Regarding the spots as reflections of the incident beam in 
planes as before, these planes can be found almost as easily as 
those which reflect the spots in the square pattern, and indeed in 
many cases the planes are identical. I will not give the calcula- 
tions here, but one point is of especial interest. A photograph 
was taken of the crystal oriented so that the pattern obtained 
was perfectly symmetrical. The crystal was then tilted through 
3 about a line perpendicular to the incident beam and to one of 
the cubical axes. This distorted the pattern considerably, but 
corresponding spots in the two patterns are easily to be recognised. 
The points which I wish to consider especially are the following. 

In the first place, the spots in the distorted pattern are all 
displaced exactly as would be expected if they were reflections in 
planes fixed in the crystal. For instance, when the reflecting 
plane contains the line, about which the crystal was tilted 
through 3°, it can be ascertained that the movement of the spot 
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corresponds to a deviation of the reflected beam through 6°. This 
alone is, I think, strong evidence that the wave-length X is elastic, 
and not confined to a few definite values, and that equations (1) 
are satisfied rigorously and not merely approximately. 

Besides the distortion of the figure due to the tilting of the 
erystal, a very marked alteration in the intensity of the spots is 
to be noticed. This is especially marked for those spots which 
are near the centre of the pattern, but not on or near the axis 
about which the crystal is tilted. This is probably due to the 
fact that for these spots a considerable change in wave-length has 
taken place. 

When the angle of incidence @ of the primary beam on a set 
of reflecting planes varies, the value of 2d cos @ is altered and the 
alteration for the same 80 is greater the greater @ is. 

One spot in particular changes from being hardly visible in the 
symmetrical pattern to being by far the most intense when the 
erystal is tilted. It is the spot reflected in a plane passing through 
the origin and 

SOOO Oat. O. 


Planes parallel to this have for d, the shortest distance between 
successive planes, the value ati . It can easily be calculated from 
the position of the spot that the value of cos @ changes from ‘19 
to 12 when the crystal is tilted. This corresponds to a change 


in the value of = from 43 to 6°5, and it was found before for the 


square pattern that spots corresponding to the former wave-lengths 
were weak, those corresponding to the latter intense. 

A curious feature of the photographs may be explained by 
regarding the spots as formed by reflection. As the distance of 
the photographic plate from the crystal is altered, the shape of 
each individual spot varies. At first round, they become more 
and more elliptical as the plate is moved further away. A reason 
for this is found in the following. If the incident beam is not 
perfectly parallel, but slightly conical, rays will strike the crystal 
at slightly different angles. Regard the crystal as a set of 
reflecting planes perpendicular to the plane of the paper (fig. 2). 
The rays striking the reflecting planes on the upper part of the 
erystal on the whole meet them at a less angle of incidence than 
those striking the planes at the bottom; the latter are deflected 
more, and the rays tend on reflection to come to a focus in a hori- 
zontal line. On the other hand, rays deviating from the axial 
direction in a horizontal plane diverge still more after reflection. 
Thus as the plate is removed from the crystal, the spots up to a 
certain distance become more and more elliptical. 
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The atoms of a crystal may be arranged in ‘doubly infinite’ 
series of parallel rows, as well as in ‘singly infinite’ series of 
planes. The incident pulse falls on atom after atom in one of 
these rows, if the row is not parallel to the wave front, and 
secondary waves are emitted, one from each atom, at definite 
time intervals. Along any direction lying on a certain circular 
cone with the row of atoms as-axis, these secondary waves will 
be all in phase, one generator of the cone being, of course, parallel 
to the direction of the incident radiation. If the row of atoms 
makes a small angle with the direction, this cone with vertex at 
the crystal slip-may now be considered to cut the photographic 
plate in an almost circular ellipse passing through the big central 
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spot. Drawing the ellipses which correspond to the most densely 
packed rows of the crystal, a spot is to be expected at the inter- 
section of two ellipses, for this means that pulses from a doubly 
infinite set of atoms are in that direction in agreement of phase. 
Thus it ought to be possible to arrange the spots in the photograph 
on these ellipses, in whatever way the crystal is oriented, and indeed 
they appear in all cases. They come out very strongly in the 
photographs taken with copper sulphate crystals. 

So far it has been assumed that the atoms of zinc and sulphur act 
in an identical manner with regard to the production of secondary 
waves, but this assumption is not necessary. What is brought 
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out so strongly by the analysis is this; that the point system to 
be considered has for element of its pattern a point at each corner 
of the cube and one at the centre of each cube face. In the 
arrangement assigned to cubical zinc sulphide and similar crystals 
‘by Pope and Barlow, this point system is characteristic of both the 
arrangement of the individual atoms regarded as equal spheres, 
and of the arrangement of atoms which are in every way identical 
as regards nature, orientation, and neighbours in the pattern. The 
atoms of zinc, for instance, in the zinc blende are grouped four 
together tetrahedron-wise, and as these little tetrahedra are all 
similarly oriented and are arranged themselves in the above point 
system, atoms of zinc identical in all respects will again be arranged 
in this point system. Which of these factors it is that decides the 
form of the interference pattern might be found by experiments 
with crystals in which the point system formed by the centres of 
all the atoms differs from that formed by the centres of identical 
atoms, 

In conclusion, I wish to thank Professor Pope for his kind 
help and advice on the subject of crystal structure. 
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The Meres of Breckland. By J. E. Marr, ScD, F.BS., 
St John’s College. 


[Read 25 November 1912. ] 


THE sandy heaths of south-west Norfolk and north-west 
Suffolk form a type of physiographical feature unique in Britain. 
Among many points of interest in the district are several small 
meres, in the drainage-basin of the Little Ouse; these lie among 
the heaths between Croxton and Wretham, north of Thetford. 


The origin of these meres has never been explained, and 
requires elucidation. These notes are only intended to direct 
attention to the question of their formation, and to offer some 
facts bearing upon it. 

The meres above mentioned form a cluster a little way north- 
west of Roudham Junction. They are noticed by Mr F. J. Bennett 
in the Geological Survey Memoir of the district (Geology of the 
Country around Attleborough, Watton, and Wymondham, 1884, 
p- 17). He suggests that they started as sand and gravel pipes 
in the chalk, and afterwards became enlarged by chemical solution, 
assisted by mechanical disintegration during rise and fall of 
underground water. 

An interesting paper on the meres by Mr W. G. Clarke 
appeared in the Transactions of the Norfolk and Norwich 
Naturalists’ Society, Vol. vit (1903), p. 499 ; 1t contains a number 
of observations, but he does not give any explanation of their 
origin other than that offered by Mr Bennett. 

The meres under notice occur in two shallow valleys lying 
north and south of an east-west plateau. In the northern valley 
lie the Devil’s Punch Bowl, Fowlmere, Home Mere, and a group in 
Wretham Park including Mickle Mere: in the southern one are 
Langmere and Ringmere. 

The meres possess several features in common. All are dry in 
seasons of little rainfall, and only under very exceptional condi- 
tions is any one completely filled to the brim, so that normally 
they have no outlet. The sides of some are steep, at the angle 
of repose of the material which composes them, and the surface 
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of the water usually lies at from 15 to 25 feet below the rim. 
The floors are flat, and the waters shallow. 

They differ in size and shape, the smaller being most regular 
and approaching a circular outline: such are the Devil’s Punch 
Bowl, Ringmere and many nameless ponds, the latter often only 
a few feet in diameter. The largest are less than half a mile in 
length. These are irregular, often having sinuous shore-lines, 
and in some, as Langmere, one diameter is longer than the 
other. 

The meres in Wretham Park have undergone considerable 
modification at the hands of man, but those on the open heath 
are in their natural condition. 

Associated with the named meres are the above-mentioned 
small ponds. These grade downward in size to ordinary swallow- 
holes, such as occur in most limestone districts, and there is little 
doubt that these swallow-holes mark the starting-point in the 
formation of the larger meres. They are situated in chalk and, 
as in the ease of the meres which still hold water at times, near 
the junction of the chalk with overlying glacial deposits. 

Langmere and Ringmere lie in two tributary-valleys south of 
the plateau. Tracing these valleys downward to their coalescence 
near Roudham Junction, we find remains of similar hollows, now 
nearly always dry, and with the sides sloping gently to the 
floors. 

That the valleys existed before the meres is indicated by a 
deposit of river gravel exposed on the bank of Ringmere. 

The origin of some of the meres is probably complex. The 
swallow-holes may have begun as sand-pipes, as suggested by 
Mr Bennett, or, like those of other limestone regions, may be 
simply due to enlargement of a place on a joint by acidulated 
water, or to subsidence of part of the roof of a subterranean 
hollow. Such a subsidence giving rise to a pit at Rockland is 
described by Mr Bennett (loc. cit. p. 21). 

When sufficiently large, the surface-drainage of the little 
valleys situated on the glacial clays would, when reaching the 
chalk as it was exposed by the denudation of those clays, be 
carried underground through swallow-holes, but the transport of 
glacial clay to the floor of the swallow-hole might block it to a 
degree sufficient to prevent free drainage into the subterranean 
water-course, and hence the water would stand in the swallow- 
hole during wet periods. The standing water would sap the sides 
of the hole by solution, as suggested by Mr Bennett, slipping of 
the slope above would take place, as can now be seen in progress, 
and the hole would grow in circumference, giving rise ultimately 
to meres like the Punch Bowl and Ringmere. Coalescence of 
two or more would produce irregular meres like Langmere and 
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Fowlmere. Again mechanical erosion of the watercourse above 
the mere would widen the bed there, while that of the deserted 
stream below the mere would be no longer lowered, and a larger 
area to be filled with water would be thus produced. In other 
cases, direct collapse of the roofs of underground caves might — 
initiate meres. 

In hollows of other districts bearing some resemblances to 
those of Breckland, the upward pressure of artesian waters due 
to erosion of overlying i impervious deposits has been regarded as 
the cause of formation of the hollows, ‘The conditions in Breckland 
do not seem suitable for such occurrence. 

The existence of deserted mere-hollows down-stream near 
Roudham Junction is of importance. At the time of their 
formation, according to the above views, the junction of glacial 
clays and chalk would be situated near these sites, it having 
been gradually driven up-stream to its present position by 
erosion. 

When the glacial clay junction was near these hollows, their 
underground drainage would be partly blocked by deposit of clay 
on their floors. As the junction between clay and chalk was 
shifted up valley, the supply of clay would be stopped in the 
lower meres, being now deposited in newly formed upper ones. 
Solution would now proceed unchecked until a free underground 
passage for all water draining into the hollows would be established, 
and the meres would then be permanently dry. 

In connexion with this question, however, is that of the mode 
of infilling of the meres, and here we find conflicting views; one, 
that they are filled by the rise of the saturation-level of under- 
ground water, the other that they are fed by surface streams. 
(See W. G. Clarke, loc. cit.) If the latter, the supply of water 
would cease when the glacial clay was denuded. 

As to the age of the meres, they are clearly post-glacial in 
the sense that they were formed after the accumulation of the 
boulder-clay of the district. They may have been formed at 
various subsequent periods, and are probably still in process of 
formation. One of the meres at Wretham was drained and its 
floor dug out, and the results were described by Mr C. J. F. 
(afterwards Sir Charles) Bunbury (Quart. Journ. Geol. Soc. XI. 
1856, p. 355). Over twenty feet of black peaty mud was found 
resting on a light grey sandy marl. In the mud were a number 
of horns of the red deer, which had been sawn off just above the 
brow-antlers. In connexion with this discovery Mr Skertchley 
(Geol. Survey Mem. Geology of the Fenland, p. 248), refers to 
the horns used for picks in the flint-mines at Grimes Graves. 
These mines have been hitherto referred to the Neolithic Period, 
but Mr Reginald Smith has recently advocated their assignment 
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to the Aurignacian stage of the Palaeolithic Period (Archaeologia, 
LX1I. 1912, p. 109). I have recently found a station near Ring- 
mere with implements which strongly resemble those of the last 
(Magdalenian) stage of the Palaeolithic Period. If these should 
prove to be Magdalenian, the horns found in the neighbouring 
mere may have been cut at the same time, for bone and horn were 
extensively used in the Magdalenian period. 

Other remains have been found in other of the meres, and 
their different ages will probably be ultimately fixed on archaeo- 
logical evidence. 

I hope that some one may be found who will devote himself 
to a thorough study of these meres and their history. 
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Note on a Remarkable Instance of Complete Rock-disintegration 
by Weathering. By F. H. Harcn, Ph.D., Mem.Inst.C.E. 


[Read 25 November 1912.] 


THE material to be described occurs at Diamantina, in the 
province of Minas Geraes, Brazil, where it is being worked for 
diamonds. It consists of a conglomerate which, under the influence — 
of weathering, has been disintegrated to the condition of a loose 
sandy formation capable of being dug out with a shovel at the 
lowest depth yet attained in the open working. 

The Pebbles. The pebbles range in size from the smallest 
dimensions up to a maximum diameter of 3 inches. They have 
been worn perfectly smooth by water attrition and are rounded, 
generally to an ovoid shape. The materials of which they are 
composed are, in the order of relative abundance: 


| 


Quartzite. 

Vein-quartz. 

Steatite or soapstone. 
Tourmaline-quartz vein-stuff. 


The steatitic material, on account of its softness and consequent 
liability to pulverisation, rarely shows any smooth or rounded 
surfaces ; it crumbles between the fingers to an unctuous powder, 
resembling French chalk. No doubt this material has been 
derived originally from the decomposition of an ultra-basic igneous 
rock in which magnesian silicates (such as olivine) predominated. 

The other pebbles, viz. those of the quartzite, vein-quartz 
and tourmaline-quartz vein-stuff, are in a very friable condition, 
crushing to powder in the hand under the least pressure. This 
peculiar condition of pebbles of materials such as quartzite and 
vein-quartz, which in their normal condition are characterised by 
extreme hardness and unseparability, will be referred to later. 

The Sand. The sand consists of a mixture of colourless 
quartz and of the fine powder produced by the pulverisation of 
the soapstone fragments. By careful washing with water the 
slime formed by the soapstone can be removed, leaving a white 
quartz sand which under the microscope is found to consist of 
colourless angular grains, often presenting the characteristic 
pyramidal faces of quartz crystals. Rounded grains are rare, and 
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there is little doubt that the bulk of the fragments has been 
derived from the disintegration of the quartzite and vein-quartz 
pebbles under the influence of weathering. 

In order to ascertain the nature of the heavy minerals in this 
sand, the whole of the sample was carefully panned, and the con- 
centrates, after drying, introduced into bromoform of the density 
of 29. By this means a separation of the minerals with a density 
greater than 2°9 from the quartz which floated on the surface of 
the liquid was effected). A minute quantity of a heavy powder 
was obtained, the subsequent examination of which under the 
microscope disclosed the following minerals: 


Zircon. Chalcopyrite. 
Zine blende. Rutile. 
Galena. Tourmaline. 


Tron pyrites. 


Of these heavy constituents, the first three constitute about 
95 per cent. 

In addition to the above minerals, diamonds are found in the 
course of the washing operations conducted at the spot. I had 
an opportunity of examining 40 of these stones: they ranged in 
weight from 0°68 to 4°42 metric carats*, and showed the character- 
istic rounded shape of the diamond, the prevalent forms being the 
octahedron, the rhombic dodecahedron, the 3-faced octahedron 
and the 6-faced octahedron, either alone or in combination. The 
octahedral faces are usually smooth and brilliant, but triangular 
pittings are common on them. The majority of the stones have 
a characteristic greenish tint, but this is only “skin deep,” and 
does not appear in the cut stones. Examination under the micro- 
scope shows that this colouration is due to the presence of small 
spots and flecks of some green mineral (chlorite?) in the super- 
ficial layers of the stones. There is little to indicate the original 
source of these diamonds. Although found in the conglomerate 
they are certainly older than that rock. It appears likely that 
there is some community in origin between them and the soap- 
stone, which, as already stated, probably represents a decomposed 
olivine-rock of igneous origin. 

Origin of the Material. The material is an ancient con- 
glomerate, that has suffered prolonged weathering. So com- 
pletely have the weathering agents performed their work that 
not only has the cement of the conglomerate been entirely 
removed, but the pebbles themselves have been profoundly 
affected. As already stated, many of the pebbles are rounded 
fragments of an older quartzite formation. The material that 


* 1 metric carat=200 milligrams. 
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originally cemented the constituent quartz grains of these pebbles 
has been wholly abstracted, leaving the quartz particles as a 
friable, almost non-coherent mass, easily reducible to powder 
between the fingers. In other cases the pebbles consist of 
tourmaline and quartz, and were evidently derived from pre-— 
existing veins. These also have been reduced by the same 
weathering action to a loose friable condition. It is clear that 
the fragments of both these materials could only have acquired 
their rounded character by water-attrition when they were in a 
hard, compact and firmly-knit condition. Evidence is thus 
afforded both of the profound nature, and the prolonged duration 
of the weathering to which the conglomerate must have been 
exposed since its first formation*. 


* Compare: J. G. Branner, The Decomposition of Rocks in Brazil, Bull. Geol. 
Soc. Amer. Vol. vit. 1896, pp. 295—300. 
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The Variation of Magnetic Susceptibility with Temperature. 
Part II. On Aqueous Solutions. By A. E. Oxtry, M.Sc. 
(Sheffield), B.Sc. (London), B.A., Senior Scholar and Coutts 
Trotter Student, Trinity College. 


[Received 4 December 1912.] 
(1) Introduction. 


In the examination of the relation between the concentration 
of an aqueous solution of a salt of a ferromagnetic element and its 
‘magnetic susceptibility*, it was hoped that some light would be 
thrown on the existence of complex hydrates, in the case at least 
of very dilute solutions. That such hydrates exist is now beyond 
‘doubt. They are detected by experiments on conductivity and 
-absorptiony and are responsible for the abnormal lowering of the 
freezing point of the solutions. The examination referred to above 
gave no testimony of the existence of such hydrated systems, and 
the conclusion of that research was that the complex groups, 
which have an ion or salt molecule as nucleus, are unstable, so 
unstable in fact that the core rotates on the application of the 
‘magnetic field independent of the surrounding shell of water 
molecules. 

Pascal} has examined the magnetic properties of solutions of 

metallic salts in water to find if any additive law holds, but no 
quantitative deductions could be made on account of the marked 
characteristic properties of the metallic elements. 
___ There is considerable evidence§|| that the liquid and solid states 
_of matter are consequences of complex aggregations of molecules 
and not merely of a close approach of the simple molecules con- 
sidered as individual particles. In other words, the transition 
from the gaseous to the liquid state or from the liquid to the solid 
state is of a quasi-chemical rather than of a physical nature. If 
part of the solvent be united indeterminately with the solute, 
then the representation of the susceptibility of the solution as the 
algebraic sum of the susceptibilities of the solvent and of the 
solute—a common mode of representation—corresponds to no 
physical reality. 


* A. E. Oxley, Proc. Camb. Phil. Soc., Vol. xvt. p. 421, 1912. 
+ Vide H. C. Jones, ‘‘Hydrates in Aqueous Solutions.” <‘‘Absorption Spectra 
of Solutions.” 
~ Ann. de Chim. et de Phys., Sér. vit. 19, p. 70, 1910. 
§ For liquids, see the researches of H. C. Jones and his co-workers given in the 
volumes mentioned in the reference above. 

| For solids, reference may be made to numerous researches on micro-structure 
and on the constitution of alloys, 
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Assuming the existence of chemically complex systems— 
chemically complex excludes the cases of the ferromagnetic 
elements in which the molecular field of Weiss is not negligibly 
small—it has been shown* that the work of du Bois and Honda 
on the temperature coefficients of paramagnetic and diamagnetic 
substances is not inconsistent with the assumptions at the base 
of the Curie-Langevin theory of magnetism, providing we sup- 
pose that these assumptions apply to substances composed of 
simple molecules only+—such for example as exist in gases at a 
temperature far from the point of liquefaction. Further, it does 
not follow that because the differential coefficient of the suscepti- 
bility with respect to the temperature is positive for some 
paramagnetic elements and that the rate of variation of dia- 
magnetic susceptibility with the temperature is not zero, that 
there is no distinction apart from mere positive and negative 
number between the nature of paramagnetism and that of 
diamagnetism f. 

It is important that the Curie-Langevin theory, which is the 
only quantitative theory of magnetism we possess, should not be 
discredited as failmg to account for individual cases. Each 
element has its characteristic molecular and atomic properties, 
and a general theory cannot be satisfactory unless it admits of 
modification to suit each peculiarity possessed by that element. 
Take the case of tin, which is one of the most complex elements 
from the magnetic point of view. According to du Bois and 
Honda the Curie-Langevin laws of paramagnetism and dia- - 
magnetism do notapply. They find, indeed, that the susceptibility 
of tin changes rapidly when the density changes and also during 
fusion. If we could watch the rotation of the particles of tin, 
under the application of the magnetic field, as the temperature is 
increased, we should probably witness violent disturbances at the 
points where the constitution changes. At one temperature the 
groups of particles are becoming simpler, at another they are 
becoming more complex. So long as the constitution of an 
element does not alter as the temperature is changed, the magnetic 
properties of that element will follow the Curie-Langevin laws, 
the Curie constant per particle having a value dependent upon the ~ 
constitution. For another stable molecular constitution which — 
does not alter over ranges of temperature, there will be a new — 
Curie constant per particle which will now determine the variation — 
of the susceptibility with the temperature. In the transition 
stage the Curie-Langevin laws cannot alone explain the phenomena, 


* A. H. Oxley, Proc. Camb. Phil. Soc., Vol. xvi. p. 486, 1912. 

+ Or to complex groups of molecules whose constitution does not vary over 
wide ranges of temperature. 

+ Loe. cit., p. 490. 
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for there is superposed upon the normal variation of the suscepti- 
bility with the temperature (due to the change in the number of 
particle collisions), the effect of chemical association or disso- 
ciation. In fact, over such a range of transition the susceptibility 
is dependent upon a summation of terms for the classes of particles 
of definite types, the expression for each type containing a factor 
regulating the rate of association or dissociation at any particular 
temperature during the transition. 

On this view the nature of the continuity of the magnetic 
states of the so-called a, 8, y and 6 forms of iron is apparent. 
The theory of Weiss*, which assumes all the particles to be of 
equal size, cannot apply during the stage of transition. 

The rule proposed by Honda*+ in place of the Curie-Langevin 
laws is that the effect of a slight mcrease of the temperature on 
the susceptibility of an element is the same as that of a slight 
increase of the atomic weight. This rule is quite inadequate in 
the case of tin and many other elements, and even for those 
elements for which it does hold it is purely qualitative, and its 
application is therefore seriously limited. 

In what follows we shall assume (1) that the paramagnetic 
susceptibility of a substance composed of particles which do not 
vary in complexity with the temperature is inversely proportional 
to the absolute temperature, (2) that the diamagnetic suscepti- 
bility of a substance composed of such particles is independent of 
the temperature. 


(2) General Theory. 


Consider the solution of a salt in water. The salt will be 
ionised to an extent depending upon the concentration. Moreover, 
there may be present complex groups of molecules—groups of 
water molecules, hydrated ions and hydrated molecules of undis- 
sociated salt. (Recent work has shown that in strong solutions 
multiply complex salt molecules exist, hydrated to an unknown 
extenty.) 

We shall assume that the groups of associated molecules are 
unstable, and that whether they are composed of similar or dis- 
similar molecules, the effect of a change of temperature on the 
group is of a similar nature in the two cases. This implies that 
in the groups composed of dissimilar molecules, the nucleus, 
whether it be an ion or a salt molecule, merely acts as a centre 
round which a shell of associated molecules is condensed, while the 
nature of the forces of association is the same as it is for a group 
of similar molecules. 

Let there be NV types of particles. 


* Comptes Rendus, t. 144, p. 25, 1907. 
+ Comptes Rendus, t. 151, p. 511, 1910. 
+ Applebey, Journ. Chem. Soc., Trans. 11. p. 2000, Oct. 1910. 
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(a) Paramagnetic susceptibility. 


Let n, be the number of particles of type p per unit mass of 
the solution. Let S be the absolute temperature and C, the 
Curie constant per particle of type p. Since the susceptibility of — 
salt solutions, even of the ferromagnetic elements, is independent — 
of the intensity of the magnetic field and there is no hysteresis 
effect, it is not necessary to take into account the magnetic — 
influences of the particles on one another. 

With these assumptions we may write the specific para- 
magnetic susceptibility 


There is considerable evidence that the complex groups of 
molecules which are known to exist in solutions vary in com- 
position as the temperature changes. Therefore n, is a function 
of the temperature. 


Write ip = Top FS) (2). 


Mp is the number of particles of type p which are found in unit 
mass of the solution at a temperature 3, given by 


F,(&) = 1. 


Be Wlpa Ges 
Therefore Xp = er, ear F'(S)> aces ecsameeneeeeee (3). 
We shall refer to a series of researches by J. J. van Laar for | 
the purpose of investigating the nature of the function F, (9). 
In his work on the theory of the liquid* and solid states, he takes 
into account the process of association, and shows that in the case 
of a substance composed of simple and double molecules, the 
degree of dissociation of the double molecules which exist at any 

temperature 3 is given by the equation 


2 — U2 w 
oes =O SRB oD 42), o (Pte) ae (v—b) ...... (4), 
a 
where (P 4 ) @=b)=0 48) Rees (4). 


Here £, is the degree of dissociation of the double molecules, 
yf is the change of specific heat when one gramme molecule of 
double molecules passes into two gramme molecules of simple 
molecules, keeping the volume large and constant. Ab, is the — 
accompanying change in the volume of the molecules, q, is the 
quantity of heat absorbed in this change at the temperature 
S¥=0; P, v, a, b, R and & have the usual interpretation as in ~ 
van der Waals’ equation. 


* Arch. Teyler (2), t. 11, troisiéme partie, pp. 235—331, 1909. 
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| For water Ab,* is negative and the equation (4) is shown 
graphically in fig. 1 for this case. 


p,= 1 5 Simple molecules. 


l 
| 
\- 8, = 0-55, SJVAOC, 


Siena 
m9 ~-0C,6=017, a) > 00 


. =O, double molecules, 


Fig. 1. 


: The portion AB of the curve, which is nearly linear, corre- 
sponds to the dissociation of double molecules into simple ones 
between the temperatures of 0° C. and 140°C. 

: The equation corresponding to (4) when the groups are on the 
average of p-fold complexity is shown to be t 
| 
: 


eee 
| ep (et p— 1. 8,)e* 
| -(50 73 eee (G=DEF scascooet (5), 
where (P 4 5) @ =D) SC BDI1e Sp) IES Soccccee: (5’). 


We shall assume that the complex groups in solution are on 
the average of p-fold complexity. It will now be shown that 
between the temperatures of 0°C. and 100°C. the curves for 
all integral values of p are similar to the curve RABS, but lie 
everywhere above it, so that they are flatter. Near the critical 


temperature 8, 1. Substituting from (5’) in (5) and writing 


OSes 
Be ty _D4 =i. Bp) -Abp 
~#_—=C".9%.(v—b)?.e RY @ (v—b) ...(6). 


p «(1-6 


* Loe. cit. p. 246. 
+ Versl. Kon. Ak. v. Wetensch., Amsterdam, Proc., May 27, p. 86, 1911. 
+ Loe. cit. p. 98. 
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As the critical temperature is approached 8,— 1, therefore 


he 
ae (OY — })r-1 O= Si | 
Toes CO". 3%. (vu — b)? .e Je FS, 
1 _2.Ab, Ae 
and ——~— = ('.9% (v—b).e @-9.¢ *, 
1 — Bp 


We shall assume that the amount of heat absorbed in the 
change of molecular complexity increases as the complexity 
increases, and that, further, the change of specific heat, Ry,, and 
the alteration of volume which accompanies association, Ab,, also 
increase numerically with the degree of complexity. Referring to 
the numerical values * of (v—b), qo, RS, Ab, it is seen that the 
ratio 


on these assumptions. 


Therefore near the critical temperature 6, > A». 
From (6), differentiating with respect to S$, we find 


0B, p(1— By"). Bp? + 2By?** 


GSS (1— By)? 
Qo, 
=O yy. 3%. (u — b)PO. ea (ItP—1 Bp) Abp | eo BS 
, p—l : 
ZG. aa Nesta (OS) 2g (+9-1.B,) .Abp  @ BS ae 
‘ — OC’. 3% (y—b)?4.€ (141 Bp) Ady Gop . = 
RY 


neglecting the change in the value of Ab, due to an infinitesimal 
change in 5. 


08 pu 
If a =0, Yysut%e = var : Roe 
and therefore Sn = a PERRO PE Sen Sb0000- (7). 
Again 
By? _(#(p=1). Bp) Abe _ quo 
Io" =C".S% (u— b)? +.e Ce .e #3, 
— Pp 


* (v—b)>1, qo.=5000 gm. cals., R3=1380 gm. calories for the critical temp. 
Ab, = — 8:26 c.c. if v=18'0 c.c. These values are taken from the paper referred to 
at the foot of p. 68. 

+ Sz, is the temperature at which the association is greatest. 

+ It should be noted that 3), is not independent of p, for qo) and Ry, are each 
functions of the molecular complexity. Hence the additional remarks concerning 
the positions of the minima. 
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Now 8, is a fraction, and as p—o the R.H.S.— 0, on the 
assumptions made above, because v > b, Ab, < 0. 
Therefore 8, > 1 as p— «, for all values of S. 
| Hence for p > 2 the curves lie between the curve for p= 2 and 
the asymptote 8,=1. They have each one minimum value, viz. 
that given by the relation (7). The portions of the curves which 
lie between the ordinates corresponding to 0° C. and 100°C. are 
very approximately linear. The exact positions of the minima for 
the curves of higher values of p do not matter, at least so far as 
the first approximation only is desired, since we have proved 
that the curvature of such curves is very small. On the other 
hand the principle of continuity demands that for the lower values 
of p the positions of the minima of @, shall approximate with 
decreasing p to the position of the minimum for p= 2. 

The curves must be of the form shown in fig. 2. 


Onz 1, Simple molecules. 


(a =0, p-fold molecules. 


Fig. 2. 


For all groups, the rate at which dissociation takes place over 
the region 0° C. to 140° C. is very approximately uniform. It is to 
be noted here that if we were to supercool or to superheat the 
solution to a sufficient degree, this step, in taking the curves as 
approximately linear, would no longer be justifiable, and the 
following reasoning holds only for solutions between the tempe- 
ratures 273° and 400° absolute. It is conceivable that outside 
this range of temperature the formulae which will hereafter be 
deduced may require to be considerably modified. 

We may therefore write 


1 (SS igs Weel pen bneceosvescpesuoue (8) 


* Note added. M. M. Garver, Journ. Phys. Chem. Nov. 1912, p. 669. The 
experimental relation between polymerization and temperature is shown to be 
approximately linear. 
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for all values of p (integral) where w, and vy, are independent of 
the temperature. 


Equation (3) now becomes 


N 
XP = = Np. Cy a = 
p=1 
N 
=> ee ty Oy hy 

p=1 v 

Write 2 Nop AC ppp = A). 2k (9), 
2 Nips Cp Ug = 3, 1. .e ee (10) 
A , 

Then VYP= in + Be. caved (11), 


where A and B’ are independent of 8. 


(b) Diamagnetic susceptibility. 


The specific diamagnetic susceptibility of a solution may be 
written 


1 N 
ND = Fp % Mp BMp soeeeeeeeeeeeneee (12), 


where 61, is the resultant magnetic moment produced in particles 
of type p, per particle, by the application of a magnetic field of 
intensity H. As before n, is a linear function of the temperature. 


Writing Ny = Nop Pp (3) = Nop (ep + Up - ¥), 


we find yp po Olly a (Ba te Bins S) 


eae 


3a 
'N 5 
, = @ wp OM. by + Fe > yp Own 
p=1 p=1 
Write 

1 oe 

A Mo 8My- bp = B > A = Mw: OMp . % = C. 


Therefore yp— Bb CS, 


where B” and C are independent of 5. 
The specific susceptibility of the solution may be written 


RESIDE ND) 


where BEB Bes ee ee (14). 
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(3) Application of the Equation (13) to Aqueous Solutions 
of Iron Salts. 


It is only in the cases of strongly magnetic solutions, such as 
those of salts of the ferromagnetic elements, that a satisfactory test 
of the applicability of the formula (13) can be obtained. For 
other salt solutions the value of the susceptibility is little different 
from that of water, and in measuring such small differences as 
those produced by change of temperature the errors are liable to 
be large. On the other hand, in the case of strong solutions of 
the salts of ferromagnetic elements, the paramagnetic suscepti- 
bility is so great compared with the variation of the diamagnetic 
susceptibility with the temperature that it is permissible, at least 
for the strong solutions, to neglect the latter. The dependence of 
diamagnetism on the temperature is expressed by the term CS in 
the equation (13), and this term will accordingly be neglected. 
The diamagnetic susceptibility, in so far as it does not vary with 
the temperature, is included in the constant B. The expression 
connecting the susceptibility and the temperature may now be 
written 


x= +B Dahan eee (15), 


where B=(3 top. Op. %»)+(Fo-5 ty BMy - Hp): 


The relation (15) is hyperbolic. If the groups do not break 
up with change of temperature, all the factors v, in the first term 
of the expression for B are zero, and as in this case the second 
term of B represents the diamagnetic susceptibility (p const.) the 
above relation (15) reduces to the unmodified Curie-Langevin 
form. If the groups do break up with the change of temperature 
then the first term in the expression for B will not be zero, and 
the value of B may be positive or negative according as 


il 
ype Ge ivy = Ff = Mow Olly « by ° 


That the curves connecting susceptibility with temperature are 
approximately hyperbolae, for solutions of iron salts, can be seen 
from fig. 3. This diagram is reproduced through the kindness of 
Prof. J. S. Townsend*. As the numerical data corresponding to 
the curves were not published, it is impossible to test equation 
(15) by these observations, but from the trend of the curves it 
appears that an equation of this form would be suitable for the 
representation of Prof. Townsend’s results. 


* Phil. Trans. Roy. Soc., Vol. 187, A. p. 547, 1896. 
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The same remark applies to the representation of the results 
of Jaeger and Meyer*, although the curvature in their diagrams 
appears smaller. 


a7 ey 
sige alee Bae 
Sigil 
ss 
A 


Temperature 
Fig, 3. 


(1) Ferric Chloride -086 gm. Iron per c.cm, (see note p. 79). (2) Ferrous 
Chloride. (8) Ferric Sulphate. (4) Alcoholic solution of Ferrie Chloride. 


In the following tables the first column represents the con- 
centration of the solutions, used by Jaeger and Meyer; the 
concentrations are expressed in gramme molecules per litre. The 
second column gives the absolute temperature. In the third and 
fourth columns the values of the constants A and B are given for 
each concentration as worked out from the experimental values of 

iven in column 5. Columns 6 and 7 show the agreement 
between the calculated and experimental values. For the calcu- 
lations in column 6 the relation 


A 
Kaige 


is taken, for those in column 7 the empirical relation used by 
Townsend and Jaeger and Meyer is taken (y = % (1 —e. #)). 


An examination of the numbers given in columns 4, 5, 6 and 7 
brings a considerable amount of information to light. It will be 


* Sitz. d. Akad. in Wien, cvt. IL a., p. 594, 1897. 
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observed that the representation of the susceptibility by the 
relation 


A 
X= a +B 
holds good so long as we are dealing with concentrated solutions 
and is preferable to the linear relation 


¥ =%(1—«.?). 
But for weak solutions the linear relation is more satisfactory 
than the hyperbolic one. We see, on referring to p. 73, that this 
is precisely what would be expected. The approximate form 


x=2 +B 


has been used instead of the accurate form 


— - +B+C3 
for the representation ; and the term OS, which deals with the 
variation of the diamagnetic susceptibility with the temperature, 
has been neglected. So long as we are dealing with strong 
solutions the variation of the diamagnetic susceptibility with the 
temperature is insignificant compared with the large value of the 
paramagnetic susceptibility, but for weak solutions this is not 
the case, and it is necessary to take into account the term CS. 

The figures show that for the weaker solutions the calculated 


value of y on the assumption that x=—+B is in general lower 


than that calculated from the equation y=y,(1 —e.¢), and the 
experimental value lies between the two calculated values. 
Consider the variation of the susceptibility of water with the 
temperature. Although different observers have obtained different 
values for the absolute susceptibility of water, they are all in 
agreement that the susceptibility decreases as the temperature 
increases. This is equivalent to saying that water becomes 
more paramagnetic as the temperature increases. We shall take 
the expression 


Xw = — 0°750 (1 — 0:00164¢) 10 
as representing the variation of the susceptibility of water with 
the temperature. 
Xwo _ 1 ae 
ee mS O64 


Xwin 18 20°/, less than y,. The maximum correction to be 
applied to the figure in column 6 in order to take this variation 
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of the susceptibility of water into account is 0:07 x 10-, and 


corresponds to a temperature of 50°C. On either side of 50°C. 


the correction falls off and is zero at 0°C. and 100°C. due to the 


fact that we have made the curve pass through the extreme — 
points. When the corrections are made there is a better agree- — 


Ferric Chloride Solutions. 


Conen.| Tempr. ANOS || Bel06 x (Exp.) ge ah ee 
273+ 17 44-23 x 10-8 — — 
3°62 11-4 | 1100-5 | +4:18} 42-68 42-86 43-13 
53°7 37°98 37°85 38°35 
81:9 35°18 — pe 
273+ 2-1 29°27 — — 
12:2 28:56 28-50 28-66 
2°32 32°2 | 5986°3 |+ 7-51 | 27:27 27°12 27°46 
50°1 26°15 26°04 © 26°38 
70-1 24°85 24:96 25:07 
88°7 24:06 — -— 
2734+ 3-1 22°41 — — 
16°8 21:66 21°56 21:73 
1-76 34:1 | 4930°5 | +455 | 20°66 20°60 20°88 
53:0 19-41 19-67 19-95 
(LSS) 18°43 18-85 19-02 
89-6 18°15 — — 
273+ 3°6 16-11 — — 
15:0 15-46 15:59 15-69 
1:31 35'1 | 3654°8 |} + 2°90} 14:93 14-76 14:98 
52-0 14°14 14°15 14:34 
70°9 13°69 13:53 13°65 
89-1 12°99 —- — 
273+ 2-4 9:58 — —_ 
12-0 9:25 9°23 - 9°31 
0-79 36°5 | 2875:3 |-0:86;} 8-50 8:44 8°61 
54:4 7°90 7-92 8:10 
71-6 7°66 7:49 7°60 
91:4 7:03 — — 
273 +13-0 3°87 — — 


0:40 55:5 | 1190-4 |}+0:29| 3:43 3°33 3°10 
80:0 3°08 —_ beh 
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Ferrous Sulphate Solutions. 


x (Calc.) x (Cale.) 
Tempr. x (Exp.) =A/3¥+B| =x, (1-«t) 


273+ 2°3 14:24 x 10° = ee 
43°9 ; 12°57 12°54 12°71 
80°3 11:38 seas eeu 


2734+ 3-2 10:43 a =a 
15:0 10°04 10-037 10-11 
54:0 8:93 8°95 9:06 
80°8 8°34 — — 


273+ 2:4 6:08 hts ae 
44°2 5:28 5-195 5285 
80:1 4-60 a ae 


273+ 2-9 266 == = 
44°8 + 0°305 2°38 2°35 2°38 
Sem 2°14 — — 


Ferric Nitrate Solutions. 


Conen. Tempr. A.108 B .106 x (Exp.) Aan ee 
: 273+ 3-2 21:28x10- | — ae 
0-94 44-9 | 5934-9 | — 0-161 | 18°70 18°51 18°8 
| 83°3 16°46 — _- 
273+ 2:0 10°47 — _ 
0°48 44°3 | 2941°5 | —0°226 9:14 9-044 9-20 
83:7 8:02 — -—— 


ment between the numbers in the sixth column and the 
experimental numbers, particularly with reference to the weaker 
solutions. There are a few exceptions to this statement, chief 
among which are the susceptibilities of a 1°76 normal solution 
of ferric chloride at temperatures of 53°C. and 718°C. These 
values are too high, but they are not so high as the corresponding 
values deduced from the linear relation, and it is possible that the 
irregularity is due to experimental errors in the measurement of 
temperature. 

It is to be observed that the linear relation takes the variation 
of the diamagnetic susceptibility of water into account, and it is 
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for this reason that the linear relation is more satisfactory for 
low concentrations than for high concentrations. 
If we take the complete expression deduced by the above theory — 


X= x +B+C3 
then we have a relation between the susceptibility and the 
absolute temperature which holds for all concentrations, the 
agreement, with the exception of the two values cited above, 
being such as to give values within the limits of experimental 
error. Jaeger and Meyer do not state the amount of their 
expec uineniae! error, but it is difficult to get nearer to the true 
value than $°/, for the stronger solutions and 1 °/, for the 
weaker solutions, especially when working at the higher tem- 
peratures. 

The nature of the constant B is of greater importance than a 
mere representation of numerical values. It will be seen that this 
quantity, which is constant for any particular concentration for a 
range of temperature from 0° C. to 80°C., but varies as the 
concentration varies, throws some light on the variation of the 
constitution of the liquid state with change of temperature. 
The expression obtained for B (p. 73) is . 


fai 
B= (3 top. Cp) + (Ftp 8Mp. Mp). 


This quantity does not vary erratically with the concentration, and 
it has a higher value for the higher concentrations than it has for 
the lower ones. Any factor of the type mp.fp 18 essentially 
positive, and as 6M, is negative for any particle of type p, the 
second term of B must necessarily be negative. Further, we know 
that over a wide range of concentration there is no appreciable 
change of diamagnetic susceptibility due to the variation of com- 
plexity of the molecular groups*, and therefore we may regard 
the second term in the expression for B as a negative term which 
admits of a negligibly small variation only, as we pass from one 
concentration to another. This term has a value which is very 
little different from the value of the susceptibility of pure water 
(approx..— 7:0 x 107”). 

The first term may be positive or negative. Any factor of the 
type M%pCpy 1s necessarily positive, but v, may be positive or 
negative—positive if the number of particles of type p is increasing 
and negative if the number is decreasing as the temperature is 
raised. As we have shown that the second term is nearly constant 
and has a small negative value we attribute the large positive 
values of B, for the higher concentrations, to particular values 


* Townsend, Phil. Trans. Roy. Soc., Vol. 187, A. p. 543, 1896. 
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of v. For any concentration a definite selection of types of 
particles exists in the solution and the sum total of the products 
of the type m,C,(const.) into the rate at which this particular 
type associates or dissociates as the temperature is varied is 
represented by the term 6. Therefore variation in the value of 
_ B implies variation of the stability of the molecular complexes. 
For a 2:23 normal solution of ferric chloride the constant B 

has a value which is 29°/, of the value of the susceptibility at 

50° C. (the mean temperature). The variation of the suscepti- 

bility with the temperature is well represented for this 

concentration by the hyperbolic relation * 

A 
= 5 ate B, 

_and it is remarkable that such a large positive quantity (the value 
of B is 751x10~, that of the susceptibility at 50°C. is 
26:15 x 10-*) which is independent of the temperature should 
enter into the expression for the variation of paramagnetic 
susceptibility with the temperature. 

For solutions of ferric chloride of concentration 3°62 normal 
and 1°76 normal, the values of B are nearly equal, but are much 
less than the value for a 2°23 normal solution. It appears there- 
fore that a solution of ferric chloride of this concentration has a 
unique constitution, and it is interesting to see if such a solution 
behaves abnormally with regard to other physical properties. 


(4) Measurements of the Viscosity of Ferric Chloride Solutions. 


The following experiments on the variation of viscosity of four 
solutions of ferric chloride with the temperature were carried out 
to investigate the complexity of strong solutions of this salt and 
to examine if any irregularity is shown by a 2:2 normal solution. 

Experiments have been made by C. Chéneveaut and R. F, 
D’Arcy{ on the viscosity of strong solutions of sulphuric acid in 
water, and they obtained evidence for the existence of complex 
groups of molecules over certain ranges of concentration. 

The apparatus used in the following experiments is a modifi- 
eation of that used by D’Arcy and is shown in fig. 4. The ferric 
chloride solution was drawn into the bulb b from the receiver f, 
and when it had acquired the temperature of the water bath 
inside the calorimeter C, it was driven out through the capillary 
tube c” back to the receiver R under a pressure head of water 

* It should be remarked that the solution referred to contains almost exactly 
the same quantity of iron per c.cm. as does the solution used by Townsend, and his 
results are shown graphically, fig. 3, curve 1. 


+ Comptes Rendus, t. chv., No. 2, 1912, p. 154. 
+ Phil. Mag. Vol. xxvitt., Ser. 5, 1889, p. 221. 


supplied by the large bottles A and B. The pressure head was 
registered in the manometer M. The time required for the ferric — 
chloride meniscus to fall from the mark s to the mark s’ was 
taken by means of.a stop-watch. Care was taken to ensure that 
the ferric chloride solution had acquired the temperature of the — 
bath before a reading was obtained, and to secure this the bulb 
was filled in the following way. The solution was drawn into the 
bulb till the latter was about half full, and the U-tube was shaken | 
by sliding the inlet and outlet tubes backwards and forwards — 
through the holes in the side of the calorimeter. Meanwhile the 
liquid in the bath was kept well stirred. More liquid was drawn 
into the bulb and the shaking repeated. Finally the bulb was 
filled, and since the solution last admitted filled the capillary and 
part of the outlet tube, it soon acquired the temperature of the 
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Fig. 4. 


bath. An interval of about twenty minutes was usually allowed 
for the solution to acquire the temperature of the bath, but for the 
higher temperatures a much smaller interval had to suffice, on 
account of radiation, while at temperatures near that of the room 
an hour was frequently given*. . 

The method of taking an observation was as follows. The end 
of the outlet tube was kept below the level of the solution in & 
and the three-way cock 7’ turned so as to shut off 6 and connect 
B with M. The pressure head was now adjusted to a certain 
value, approximately the same for all the observations. 7’ was 
turned so as to connect B, M and b, R was lowered and the time 
taken as the meniscus passed the mark s. 

The following observations were made : 


* The small bubbles of air which were always formed in the outlet tube were 
removed before an observation was made. 
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Vater. 
Pressure Mean | Time ‘Corrected ‘Time| 
_ (mm. water) temperature (seconds) (P. 85 mm.) 
86°5 89-0 84:0 85°5 
86-2 80:3 87-0 88:2 
84°9 78:0 88:25 88°25 
86-4 73°5 90-75 92:4 
856 716 100-0 100°7 
86-0 66°6 MeO 98:2 
| 86-2 55:8 107-0 1088 | 
| 86°5 DIET 113°5 115-7 | 
| 86-4 46°5 116°75 119-0 | 
85°8 38°9 133-0 134:2 
| 85:8 31°3 146-5 1479 
86:0 18-2 185°5 187-75 
86-2 18-0 187-0 188°5 
85:1 755 | 246°5 246°5 
84:9 4:15 274:0 274-0 
i829 0-4 307-0 3070 
| 85:0 0-4 307°5 | 307°5 | 


II. 1:3 Normal Solution of Ferric Chloride. 


Pressure | Mean Time Corrected Time 
(mm. water) temperature | (seconds) (P. 85 mm.) 
84:7 | 74:5 130-0 129-4 
84:2 66°3 146°25 144-6 
84:8 58:1 163-0 163-0 
84:0 48:1 191-5 190-6 
84:6 39°1 225°0 224-0 
84°8 ail 266°25 2556 
85:0 26°4 300-0 300-0 
84:9 26-0 294-25 294-25 
84:6 956 341°75 340-2 
85-4 9-6 336°5 338-9 
85-7 14°8 378°6 381°5 
83:3 14:6 382-0 376-0 
85-4 9 75 460-0 463-0 
85-6 8:55 466°5 469°5 
856 75 ATT5 481-0 
85°5 6-0 519-5 522-5 
84:7 0:2 603-0 601-0 
84°8 0:2 609-0 607°6 
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III. 2:0 Normal Solution of Ferric Chloride. 


Pressure Mean Time Corrected Time 
(mm. water) temperature (seconds) (P. 85 mm.) 
85'8 84-6 133-25 134-7 
85:5 76°8 147-25 1480 
85:9 70:3 162°25 164-0 
85:7 69:7 161-0 162-4 
84:9 64°8 181-0 181-0 
84:3 61:5 200-0 198 3 
85 0 54°5 213-0 213°0 
84-4 46-0 258°5 256-7 
85°6 44-5 250-75 252°6 
84:3 36°2 53 rs) 314:°7 
SoeGu 33°6 325-0 327-4 
85°8 27°45 377°0 380°6 
85:0 19-2 488-0 4880 
85:0 18-4 479-0 479 0 
85:8 18-2 484-25 489°] 
85-7 14:2 568-5 32 
86:4 12:3 625-0 635°7 
86:0 11-6 6335 6375 
86:0 11:05 647°5 651:5 
85-0 8-7 704-0 7040 
86:2 8-4 710-0 718-4 
85:0 78 742-0 742-0 
85-0 6-4 742-0 742-0 
85:1 4-4 795-0 794-0 
84-9 0-2 900-0 902-0 
84:6 0-2 900-0 896-0 


On account of the deliquescent nature of ferric chloride the — 
solutions were submitted to a chemical analysis (the permanganate — 
method was used) to determine their concentrations. The above 
observations have been plotted and are shown in fig. 5. The — 
ordinates are the times given in the last column of the tables— 
they are proportional to the viscosities—and the abscissae are the 
temperatures in degrees centigrade. 

On an examination of these curves it will be observed that the 
curves IIT and IV show irregularities with respect to the curves I, 
II and V, which are very nearly hyperbolae. III and IV are 
parallel over a short range of temperature in the neighbourhood 
of 15°C. The dotted line shows the position of the hyperbola 
which passes through the end points of the curve—the position of 
the points A, and the direction of the curve at the highest 
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IV. 26 Normal Solution of Ferric Chloride. 


Pressure Mean Time Corrected Time 
(mm. water) temperature (seconds) (P. 85 mm.) 

84:3 (eve) 183-0 181-4 
83-9 67°5 216°75 214:25 
84°8 58°8 256°5 256-0 
84:9 49°7 294:0 294-0 
85:6 43:2 341-0 343°2 
83-4 43-0 361-0 355:0 
84:5 37 °5 408-0 405°5 
84:1 25:9 536°5 531-0 
86°1 22-9 585°5 992-5 
85:0 20°5 643-0 643-0 
85-0 19°5 667:0 667-0 
84°6 18-0 707-0 703-0 
83°4 16°9 747°5 (3D 
84:8 BSB) 7350 733-0 
85:0 15:25 740:0 740-0 
85°5 11530) 730°5 7348 
85:9 8:5 925-0 934-0 
84:1 76 9860 976.0 
84-9 0-4 1290-0 1289-0 
84:7 0-2 1350-0 1345-0 | 


V. 3:22 Normal Solution of Ferric Chloride. 


Pressure Mean Time Corrected Time 
(mm. water) temperature (seconds) (P. 85 mm.) 
86:2 84-9 179°5 181-9 
86:1 75:5 209-0 BM eg 
86:1 67°8 239°5 242°5 
86-2 HO 284-0 288 0 
86:1 AT -4 372-5 317°3 
86:0 40-4 441-0 446-0 
86:3 33-4 Seo 53)9°3 
86-1 27-4 651-0 639-0 
85:0 21:2 792-0 792:0 
85:4 17:0 924-0 930-0 
86:0 170 906-5 916°5 
85:0 B27) 1498-0 1498-0 
86°5 0:45 1724-0 1759-0 


83 


84 Mr Oxley, Magnetic Susceptibility with Temperature. 


10 20): 


Temperature 


Part IT. On Aqueous Solutions. 85 
temperature are accurately known. The deviation is admittedly 
small, but it is considerably greater than the error of observation. 
The deviation of the curve IV from a mean hyperbola is smaller 
than that of curve III, and although the points obtained for 
temperatures between 15°C. and 25°C. indicate an irregularity, 
yet on account of the absence of points in the neighbourhood of 
12° C. it is not considered advisable to attach importance to it. 

The nature of the irregularities mentioned above is brought 
out more clearly in fig. 6, where the ordinates represent the rate 
of variation of viscosity with the temperature and the abscissae 
are temperatures in degrees centigrade. In the following table 
columns 2, 3, 4, 5 and 6 give the abscissae of those points of the 
curves I, II, III, IV and V, where the slope has the value given in 
column 1. 


_ S of S of S of S of S of 
oS: curve 1 | curve II | curve Ili | curve IV curve V 
5:00 == — — 3°0 == 
4-00 = — =: GB . SES) 
3°00 — == 12:0 10-2 20:3 
27D — = 16°5 130) Mls) 
2-25 “= = 15-6 13-2 23:0 
2:00 — = UO [Mo Qes PV) Zoey 
| esx0) = 2:5 ed 24-6 29220 
| 1-60 ae 6-75 | 18-4 27-0 32-0 
1:40 — 10:5 20-0 28°7 34-6 
1-20 = 13:0 22°75 BILD 38-4 
1-00 15) 16°5 27-0 TOD) 43°7 
0:83 5:0 20:0 31:0 39°75 50-0 
0-71 15 ee) 35:6 46 0 54:5 
0 625 95 26°5 39-2 49-7 59-25 
0-55 10:5 29-1 43-4 Oo 62-6 
0:50 12°6 Bob) 45:9 56:7 64:4 
0:40 18:3 40-0 ayez: 66:0 105) 
0:30 26°5 49°5 61:2 C20 80:0 
0:20 37°D 69°5 74:5 = es 
0-10 B57) = == — — 


These values were measured a second time, and a good agree- 
ment was found in the two cases. 

No importance is attached to the cutting of the curves Ill’ and 
IV’, since that depends upon the actual shape of the curve IV, 
fig. 5, in the neighbourhood of 15° C. where the number of points 
is not sufficient to enable an accurate value of the gradient to be 
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measured. The curves I’, II’ and V’, which correspond to I, II and 
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of 20°C. is approached it assumes a more normal value. Below 

20° C. the value of 2 is abnormally high, and.at 15° C. it 
I’ 

has a value equal to that of the strongest solution at a slightly 

(4°) higher temperature. For temperatures lower than 10°C. the 
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The general shape of the curve III, fig. 5, is evidence for the 
existence of complex groups of particles in the solution at the 
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concentration 2:0 normal. At the low temperatures a dissociation 
of the complex particles, formed of a salt molecule or ion and its 
associated water molecules, takes place. At the higher tempera- 
tures the gradual recovery of the curve is probably due to the 
‘formation of a new type of complex—a solution of ferric oxy- 
chloride or ferric hydroxide in the excess of ferric chloride. All 
the four solutions had sufficiently high concentrations to prevent 
the formation of a precipitate at the higher temperatures. 
| It is not intended that this part of the investigation shall 
establish a quantitative relation between the complexity of mole- 
cular structure and the temperature. Indeed, it has been shown 
‘by Chéneveau* that the viscosity and refractivity methods used 
for the determination of molecular complexity in the liquid state 
do not give identical results, although each mdicates the presence 
of groups composed of solute and solvent particles. The present 
viscosity measurements have been made with the object of verifying 
the prediction of the earlier part of the paper, that the high value 
of the constant B, in the representation of the magnetic suscepti- 
bility of a 2:23 normal solution of ferric chloride as a function of 
the temperature, may be connected with an abnormal variation 
of the viscosity of the solution. Since in a solution there are at 
least several types of particles, the complexity of some changing 
with the temperature, it seems impossible in the present state of 
our knowledge of the viscosity of liquids to derive from it quanti- 
tative information as to the nature of the relation between 
molecular complexity and temperature. For this purpose use has 
been made of the researches of van Laar who has considered the 
general theory of association in the solid and liquid states. 


(5) The Lowering of the Freezing Point of Solutions. 


There is another interesting point in connection with the value 
of the constant B for a 2:0 normal solution of ferric chloride. It 
has been shown that such a solution shows an abnormal value of 
the molecular lowering of the freezing point}. Since the latter 
quantity is directly connected with the constitution of the groups 
of solvent and solute particles, the molecular lowering being 
smaller the greater the complexity of the groups of particles, the 
abnormally low value of the molecular lowering produced by a 2°0 
normal solution of ferric chloride indicates that the groups of 
particles are abnormally complex at this concentration. - These 


* Comptes Rendus, t. cuv., No. 2, 1912, p. 154. 

+ Jones and Getman, Zeits. f. Phys. Chem., Xurx. 1904, pp. 426—433. 

Note: The curve in fig. 7 of the research of Jones and Getman, relating to 
ferric chloride solutions, is drawn inaccurately. Prof. H. C. Jones has kindly 
informed me that the tabulated data are correct and an irregularity still exists for 
a concentration 2:0 normal, when the error of representation has been allowed for. 
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groups are unstable and rapidly break up as the temperature is 


increased. Hence vy is large, and it is reasonable to expect a high 
value of the constant B. 
Another property of the constant B is that it never acquires a 


large negative value. Values of B have been obtained for solutions 


of the sulphates, chlorides and nitrates of all the ferromagnetic 
elements and the largest negative value found is 0:86 x 10~ for a 
0°79 normal solution of ferric chloride. This value is only 12°/, 
greater than the value of the diamagnetic susceptibility of pure 


water. The positive values, on the other hand, have been shown — 


to range from zero to 75 x 10° a quantity which is ten times as 
great as the numerical value of the susceptibility of water. The 


preponderance of large positive values of B is to be expected if 


the curve of fig. 1 represents the change of molecular complexity 
with change of temperature. 


Conclusion. 


In this paper and in an earlier investigation (“The Variation 
of Magnetic Susceptibility with Temperature,” Proc. Camb. Phil. 
Soc. Vol. XVI. p. 486) an attempt has been made to represent the 
variation of magnetic susceptibility with the temperature, taking 
into consideration the formation of complex aggregations of mole- 
cules and the effect such aggregations have in modifying the 
magnetic properties. It is believed that if due account be taken 
of the characteristic properties of substances, the work of du Bois 
and Honda does not prove that the foundations of the Curie- 
Langevin theory are unsound. 

Hitherto, the relation representing the variation of the 
susceptibility of solutions with the temperature has been an 
empirical one and of the simplest form—linear. Assuming the 
truth of the Curie-Langevin laws for groups of particles whose 
complexity does not vary with the temperature, the para- 
magnetism of any substance will follow a simple hyperbolic law 


Y= - and the diamagnetism will be constant as the temperature 


‘y varies. If the groups vary in complexity as the temperature 
changes, these laws will be modified in a manner depending on 
the characteristic changes of constitution possessed by the sub- 
Stance. 

For the general case of aqueous solutions, treated in the present 
paper, the rate of variation of the molecular complexity with the 
temperature has been shown to be approximately linear, The 
modified relations have been applied to represent the variation of 
the susceptibilities of solutions of ferric chloride, ferrous sulphate 
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and ferric nitrate. Taking into account the variation of dia- 
magnetic susceptibility with temperature, it has been shown that 
the numerical representation of the results of Jaeger and Meyer is 
satisfactory, and, with the exception of two cases, specially referred 
to, the relation proposed represents the observations to within the 
limits of experimental error. A solution of ferric chloride, 2°23 


normal, whose susceptibility expressed by the relation y = = +B, 


appeared to be due to an abnormal molecular constitution, was 
examined in order to see if its viscosity varied abnormally as the 
temperature was changed. Evidence of such an abnormal variation 
has been obtained. The abnormal molecular constitution of such 
a solution is further supported by determinations of the molecular 
lowering of the freezing point. 

The general theory developed in this paper includes the special 
ease of water. The variation of molecular association in water 
with change of temperature affords a ready means of accounting 
for the variation of its diamagnetic susceptibility as the tempe- 
rature varies, but we are not justified in taking a linear relation 
between the susceptibility and the temperature since we have no 
proof that the molecules of water do not possess a paramagnetic 
property smaller than the diamagnetic susceptibility and obscured 
by it at ordinary temperatures. Unless we suppose that the 
association modifies the magnetic properties of the water mole- 
cules, it is difficult to see how the diamagnetic susceptibility of 
water decreases as the temperature increases. 


Note added Jan. 20, 1913. 


The work of Dr G. Piaggesi (I Nuovo Cimento, Ser. v, T. Iv, 
1902, p. 247) has, until now, escaped my notice. Piaggesi shows 
that for a given concentration of an aqueous solution of ferric 
chloride, ferrous sulphate, ferric nitrate, manganese chloride, 
manganese sulphate, manganese nitrate, cobalt chloride and 
nickel chloride, the product of susceptibility and absolute tem- 
perature is nearly constant. 
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Some Experiments on the Electrical Discharge in Helium and 
Neon. By Herpert EpMreston Warson, B.Sc. (Lond.), 1851 
Exhibition Scholar, Trinity College, Cambridge. (Communicated 
by Professor Sir J. J. Thomson.) ‘ 


[Read 11 November 1912.] 


THE investigation which is about to be described had as its © 
original object the determination of the cathode fall and the spark 
potential (or minimum potential necessary to produce a spark — 
between two electrodes) in all the inactive gases. Unfortunately, — 
before it could be completed, the author was obliged to leave — 
England, but as several results of interest had already been 
obtained, it seemed advisable to give a brief account of them. 

The spark potential in helium has already been carefully 
investigated by the Hon. R. J. Strutt (Phil. Trans. A. 1900, 193, 
p. 379). His experiments differ, however, from those about to be 
described, in that, in the former, the electrodes were brass plates 
0°755 mm. apart, a Wimshurst machine was used for producing 
the required potential difference, mercury vapour was allowed 
access to the sparking tube, and no allowance seems to have been 
made for the lag which is a very pronounced feature of the — 
phenomenon under consideration. His results will be referred to 
later. 

In 1904, Ritter (Ann. d. Physik, tv. 1904, 14, p. 118) examined 
the discharge in helium between a steel plate and sphere for 
pressures between 100 mm. and one atmosphere. The gas admit- 
tedly contained argon, and probably, judging by the results, other 
impurities as well, although it is difficult to compare experiments 
carried out under widely differing circumstances. In any cease, 
the investigation has no bearing on the present work. 

Bouty (Ann. Chim. Phys. 1911, 23, p. 5) has made numerous 
experiments on the cohésion diélectrique or rate of change of the 
spark potential with pressure, for helium and neon, and has 
recognised the need for the extreme purity of the gases under 
examination. His results are of great interest and will be men- 
tioned later. 


Apparatus. 


The annexed diagram shows the general arrangement of the 
apparatus used. The current was obtained from a battery B of 
small cells giving a maximum £.M.F. of 1000 volts, 20 cells B’ 
connected with the others in series were also connected with the 
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terminals of a 2000 ohm resistance C’, contact with which could 
be made at 100 different points by a sliding arm D. The current 
was regulated by an adjustable water resistance A. 


Fig. 1. 


The discharge tube F’ was made from a piece of wide glass 
tubing 5°5 cm. in diameter, ground flat at the ends, and closed 
with sealing-wax. Needless to say it was perfectly air-tight. It 
contained three plane aluminium electrodes tightly fitting the 
tube, and held apart at the edges by frames of very thin glass rod 
constructed so that the plates were exactly 15 and 3 cm. away 
from each other. They were held in position by a spring at one 
end. An aperture for the admission of gas and the leads to the 
centre electrode, which were soldered to its edge, was drilled 
opposite the latter, and covered with a dome of glass ground to fit 
the tube. 

The electrodes were very carefully cleaned with glass paper, 
and the middle one used as cathode. The two others could be 
made the anode in turn by means of the tipping key H, the one 
not in use being simultaneously connected to the cathode, which 
was itself at a potential only a few volts removed from that of the 
earth, E. 

An accurate Weston voltmeter G was connected between the 
electrodes, and since its resistance was comparable with that of 
the liquid resistance A, the potential difference across the tube 
could be varied by altering A. The movement of D afforded a 
fine adjustment. A: telephone was included in the circuit to 
enable any intermittency in the discharge to be detected. 
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In making an experiment upon the spark potential, the — 
voltage was increased slowly until the discharge passed through 
the tube, and the potential difference noted. This was found to 
be independent of the current passing when once established, a 
fact which was determined by using different voltages on the — 
main battery B, and consequently different values of A; the fact 
that the voltmeter was in parallel with the tube was also found to 
be without influence, for the spark potential was unchanged if the — 
voltmeter was removed and the number of cells in the battery 
reduced until there were only sufficient to give the required — 
voltage. 

As noticed by other observers, there was a distinct lag in the — 
lighting up of the tube after the potential difference was applied. 
This was most marked in the case of neon, and was frequently a 
minute in duration. In the present experiments, which were 
carried out in an indifferently lighted room, no external stimulus 
was given to start the discharge, but the potential difference was 
applied for three minutes, and if no discharge occurred in this 
time, it was considered that the sparking potential was not 
attained. This method gave very consistent results, the difference 
between successive values at the same pressure being nearly 
always less than one volt, and hardly noticeable on the voltmeter. 
It could be detected, however, by the variation in the position of 
the sliding contact D. Three observations were made at each 
pressure for each side of the cathode. It was rather remarkable 
that after a change of pressure, the first value of the spark 
potential was always two or three volts below those obtained 
subsequently. The figures given below refer to the steady values, 
as the first discharge potential was uncertain. 

The gases were those used in a previous investigation on 
electrical discharge (Roy. Soc. Proc. A. 1912, 86, p. 168), and 
were very carefully purified before every experiment. They were 
first mixed with oxygen, and phosphorus ignited in the mixture 
to remove hydrogen, a very convenient method when dealing with 
small quantities of gas. The residue was then transferred to a 
tube containing charcoal immersed in liquid air, and allowed to 
stand for at least half an hour, the gas in the connecting tubes 
being pumped away. After this treatment the spectrum is 
perfectly clear from foreign lines, except those of mercury, at 
100 mm. pressure. The gas was admitted directly from the 
charcoal tube to the discharge tube, passing however through a U 
tube immersed in liquid air on the way in order to remove 
mercury vapour. There is little doubt that mercury vapour 
exerts a considerable influence on the spark potential, especially 
when aluminium electrodes are used, and for this reason the 
discharge tube was shut off from the rest of the apparatus, and 
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“no gas of any kind ever admitted except after freezing in liquid 
air. 

__ Before starting the experiments some helium was admitted to 
the tube and a current run for some weeks, the gas being 
frequently renewed until no change in its spectrum was observed. 

As observed by Strutt (oc. cit.), the minimum spark potential 
is a very delicate criterion of the purity of the gas. It was also 
found in the present experiments that the minimum voltage 
necessary to maintain the current when once started (a quantity 

which will be discussed later) was likewise very sensitive to the 
presence of impurities, and as this was constant over a wide range 
of pressure it afforded a more convenient method of detecting 
their presence. 

Some of the results obtained are given below, p is the pressure 
in mm. of mercury (measured by a McLeod gauge below 9 mm.), 
V the spark potential between the electrodes 1°5 cm. apart, and 
V’ between those 3 cm. apart. 

In the case of helium the figures are for two very pure samples 
of gas. After the first series of readings at comparatively high 
pressures had been taken, the tube was pumped out and more 
helium admitted directly from the charcoal, values for this gas 
being marked with an asterisk. It will be observed that the first 
of these for the nearer pair of electrodes is 180. As a matter of 
fact, immediately the gas had been introduced into the tube, one 
reading of 170 was obtained, and 180 between the other pair of 
electrodes, 180 and 214 being recorded a minute or two later. It 
is difficult to account for this, as the value 184 was found in a 
very similar experiment, when the gas was probably just as pure. 
There may possibly have been some ionising agent in the vicinity 
at the time. Such a low value was never obtained again, and it 
seems probable that the correct figure is not far removed from 184. 

The case of neon is of special interest as at comparatively high 
pressures it allows an electrical discharge to pass far more readily 
than any other gas at the same pressure. This was observed in 
1909 by Dr Collie and the author, and some rough measurements 
were made but not published. Soon afterwards M. Bouty (loc. 
cit.) determined the cohésion drélectrique which is a measure of 
the readiness with which a spark will pass, and found it to be at 
least 6:1, and probably 5:6, the figures for helium and air being 
18:3 and 419, respectively. Hence it seemed not unlikely that 
the minimum spark potential would also be less than that of 
helium, and it was rather surprising to find that this was not the 
case, as may be seen from the figures in the table. Unfortunately 
the experiments are not quite complete, especially at high pressures, 
but the minimum spark potential has, been examined carefully, 
and certainly seems to be higher than that of helium. 
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The first set of figures, which is not reproduced in full for the : 
lower pressures, was obtained from an experiment with a sample of 
gas which was originally very pure, but which had been pumped 
into a test tube and allowed to stand a few days before use. Even 


Helium Neon 
p Vi wa p V y’ 
56°3 387 616 32°8 | 267 a2 
48-7 oD 568 De 251 350 
38°8 343 505 24-0 | 243 O27 
31-7 322 455 17:9 228 299 
DY 304 414 13-2 | 219 203 
20-6 293 385 99:3 215 261 
14:4 20 351 = — — 
11:8 GAS a 8335 2°81 204+ 241 
9-1 BAD | BBL 1:28 216 2314 
6°75 227 | 309 10-1§ 200 240, 
5:34 21 985) 7:98 200 240 
4:44 PAQSY Ui USAT Il 5-76 203 240 
3°18 188 | 245 || 4-49 200 240. 
2:45 186 QD, hii 2°65 200 232 
2°43 Weg, ila | 2-19 200 230 
1 87 SIO ey Wa) 204 224. 
1:86 USO BOG Il 123 218 224 
1:31 216 evenness | 0:96 240 229 
Woy) 221 (198 | 1-878 211 228 
1-:09« 249 210 1-43 Daley 229 
0-79« BO) | DEO) 1On 242 235 
0:69% >1000 258 0-77 285 232 
0-495« 309 0:59 358 231 
0475+ 332 0-45 450 246 
0-44 360 || 0-345 1725 | 290 
0:355« A) i 0-27 1790 360 
0-262. 750 | 0-21 >1000 435 
0-16 | 650 
0-125 9830 
+ Minimum value. § Fresh gas. 


though all the apparatus and the test tube had been previously 
well rinsed with the gas, it is likely that some impurity was 
introduced, as the minimum values for V were 204 and 231 
respectively, those obtained later with purer gas being 200 and 
224. By analogy with helium, however, it is probable that the 
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figures at higher pressures for the slightly impure gas are not very 

far wrong. In the case of the second sample, the constancy of 

the spark potential over a wide range of pressure was surprising, 

although it was probably illusory, and caused by the gradual 
contamination of the gas. It is rather remarkable, however, that 
another sample of exactly the same gas admitted immediately 
afterwards directly from the charcoal at what was assumed to be 
approximately the critical pressure for minimum spark potential, 
gave minimum values of 206 and 228. 


Pressure mm. and ~,th mm. 


Fig. 2. The above curves show the relation between spark potential and pressure 
in helium for plane electrodes 15 mm. and 30 mm. apart, the upper curve being 
for the latter. The curves on the right correspond to the others, but the 
horizontal scale is ten times as great to show the shape at low pressures. 


Fig. 2 shows two typical curves for helium. It may be 
mentioned here that the electrodes in the present experiments 
were placed at a considerable distance, in order that the pheno- 
menon under consideration might be studied through a wide 
range without unduly increasing the pressure. Paschen’s law 
states that the spark potential depends only upon the mass of gas 
between unit area of the electrodes, and consequently, if the 
electrodes are 15 mm. apart, it will be the same as it would be nm 
a tube with electrodes 1 mm. apart and containing gas at 15 times 
‘the pressure. When using a tube of small dimensions the volume 
of the dead space becomes relatively large, and the total quantity 


e 
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of gas required is more. This is always to be avoided, as the 
purification of large quantities of gas is a difficult and uncertain. 
operation. The whole of the present experiments were carried out 
with less than 15 c.c. of each gas, 

There is, of course, the objection that the field obtained in this” 
way is not uniform, and indeed, there is about 20 volts difference 
between the minima obtained with the two pairs of electrodes, 
At the same time, as will be seen from the figure, the form of 
curve is not altered, and indeed, if the horizontal scale of the 
upper curve be doubled (the distance of the electrodes for which — 
this was obtained was double that of the other pair) and the 
whole moved downwards, the two nearly coincide. It was intended — 
to make more experiments with the electrodes quite close, but up 
to the present this has not been possible. It seems unlikely, 
however, that the true spark potential for a uniform field between 
infinite planes is more than two or three volts lower than the 
minima already obtained. 

On examining the curves, it will at once be seen that they are 
of a type not previously observed. Below the critical pressure of 
minimum spark potential they are approximately hyperbolic, and 
then for a short distance linear, as is usually the case, but at a 
slightly higher pressure there is a break, and the curves turn over, 
and again become very nearly linear. The same thing occurs in 
the case of neon. With the closer pair of electrodes, this break _ 
begins at a pressure of 10 mm. This would correspond with a 
pressure of 200 mm. in Strutt’s experiments, and is beyond the 
range studied by him. The bend occurred at the same point for 
all samples of gas even when distinctly impure, and so is not 
likely to be caused by impurities. It may however be due to the 
irregularity of the field, but this in turn is improbable, owing to 
the similar shape of the two curves. 

At high pressures there was little difference in the spark 
potential when a small trace of impurity was present, but the 
most minute amount affected to a large degree the depth of the 
dip in the curve and consequently the minimum spark potential. 

The pressures of minimum spark potential were, as nearly as 
could be judged, 2°4 and 2° mm. for the closer pair of electrodes 
in helium and neon respectively. The latter figure is probably 
low, and consequently these pressures are by no means proportional 
to the mean free paths of the ‘molecules of the gases (cf Sir 
J. J. Thomson, Conduction of Electricity through Gases, 2nd 
edition, p. 450) which are in the ratio 1 : 0:704 (Rankine, Roy. 
Soc. Proc. A. 1910, 83, p. 524). 

Since the electrodes in the present case were 20 times the 
distance of those used by Strutt, it might be expected by Paschen’s 
law, that the slope of his curves above the critical pressure would 
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be about 1/20th of that of the lower ones in fig. 2. As far as can 
be judged from his diagram, 20 times the steepness of his flattest 
curve is very slightly steeper than the first and corresponding 
portion of my curve, and in fact, the agreement is as good as can 
be expected. One remarkable effect observed by Strutt, namely 
that the spark potential was lowered by vigorous sparking, or by 
standing, was not noticed at all in the present experiments, and 
in fact the reverse was the case. It has already been mentioned 
that the first discharge passed more easily than the subsequent 
ones, and if the gas was left standing for a few hours the spark 
potential invariably rose slightly. It is quite possible that the 
reverse effect may be produced by mercury vapour, which in my 
experiments was completely excluded. 

With regard to Bouty’s experiments, it is difficult to compare 
the slopes of the curves obtained, as all the conditions in the two 
sets of experiments differ so widely. Considering the closer pair 
of electrodes in my experiments, the rate of change of spark 
potential with pressure at high pressures where the curve has 
assumed its final definite linear form is 30 volts per cm. of 
mercury in the case of helium, and 22 in the case of neon. These 
figures should be proportional to the cohésions diélectriques of 
Bouty which are 18°3 for helium and probably less than 6:0 for 
neon. It will be seen that this is not the case, but on the other 
hand, for pressures not so far removed from the critical pressure, 
the gradient for helium is about 90 volts per cm. while, as far as 
ean be judged, that for neon is not much greater than at higher 
pressures. The ratio for this part of the curve would therefore be 
nearer to the value found by Bouty. 


The Cathode Fall. 


It has recently been shown by Aston (Roy. Soc. Proc. A. 1911, 
84, p. 526), that the supposed anode fall of potential measured by 
many observers is probably an entirely illusory phenomenon 
induced by the methods of measurement, and he concludes that, 
provided there is no positive column, the cathode fall, or difference 
in potential between the cathode and the negative glow, is 
practically equal to the total voltage across the tube provided that 
the current is not large enough for the whole surface of the 
cathode to be covered with the glow. The potential fall in the 
negative glow itself is negligible. In the light of these results, 
the hypothesis put forward by Strutt as a theoretical reason for 
the cathode fall being equal to the minimum spark potential, does 
not seem very plausible, and is in no way consistent with my 
experimental results. Strutt considers that the rise in spark 
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potential at pressures above the critical pressure is due to the fact | 
that a positive column of gradually increasing length has to be 
maintained, while below this pressure, the negative glow is 
crushed. Except at very high pressures, far above the critical 
pressure, no positive column appeared in any of my experiments, — 
and it has been shown that moving the anode up and down in the — 
negative glow has no appreciable effect upon the voltage unless — 
the dark space is reached. Moreover, the present experiments 
tend to show that the cathode fall is not equal to the minimum 
spark potential at least for helium and neon, for the voltage across 
the tube invariably fell when the current started. 

Assuming the above mentioned results, it follows that the 
cathode fall is equal to the minimum voltage at which the current 
will pass when once started, and can be easily measured by 
increasing the resistance in the circuit until the discharge ceases, 
and measuring the voltage. This is very constant over a wide 
range of pressure, but varies greatly as already mentioned with 
the purity of the gas, and also with the material of the cathode. 
In what follows, whenever cathode fall is mentioned, it is to be 
understood that it is measured by the mmimum running voltage. — 

In the case of the tube already mentioned, with aluminium 
cathode, the value of this quantity was 164 volts for helium, and 
170 for neon, figures which are 20 and 30 volts respectively lower 
than the minimum spark potentials. It is perhaps worthy of note 
that they correspond approximately to the calculated fall in 
potential in the Aston dark space for these gases, namely, 20 and — 
40 volts (Roy. Soc. Proc. A. 1907, 80, p. 45; 1911, 84, p. 535; 
1912, 86, p. 172). A short consideration of the theory put 
forward in these papers to explain the existence of this dark space, 
will show that, if in a gas with no Aston dark space the cathode 
fall is equal to the minimum spark potential, then in the gases 
which do possess it, the cathode fall should be less than the 
minimum spark potential by the amount of the voltage drop in 
this region. 


Experiments with other Electrodes. 


A number of other experimental tubes were constructed, some 
of which were as follows. . 

1. A short tube about 4 cm. in diameter with a plane circular 
aluminium electrode touching the sides, and about 4 cm. from the 
rounded end which contained sodium potassium alloy introduced 
after complete evacuation of the tube. Some of the alloy was 
shaken on to the aluminium to which it adhered. A series of 
spark potentials for neon from a pressure of 11°3 mm. downwards 
was taken with this electrode as cathode, and a curve exactly 
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‘similar to those in fig. 2 obtained. The bend occurred at about 
6 mm. pressure, and the minimum spark potential was 150 volts 
at 15 mm. pressure. The cathode fall was 85 volts. Mey found 
78°5 for helium (Verh. deut. physikal. Ges. 1903, 5, p. 72). 

_ 2. A similar tube with an aluminium disk upon which were 
a few drops of sodium potassium alloy as one electrode, and a 
elean aluminium wire normal to it and 1°5 cm. away as the other. 
‘The first neon introduced was not perfectly pure and the surface 
of the alloy tarnished. When in this condition at 20 mm. pressure 
‘a 300 volt alternating current was completely rectified. After 
‘shaking to clean the surface of the alloy, and refilling with pure 
neon at 35 mm. the spark potential with plane as cathode was 
(145 and the cathode fall 85. When the tube was filled for the 
first time, the minimum spark potential with the wire as cathode 
was 155 and the cathode fall 130, on the second filling the latter 
had risen to 142. These figures are much lower than those 
obtained in the original spark potential tube, and it seems quite 
possible that they are due to the freshness of the electrode which 
had never been used before and was probably coated with a film 
of oxide, or was evolving hydrogen. The gas in the present case 
would also, if possible, be purer. . 

3. A tube 22 cm. long and 2°5 cm. wide, with an aluminium 
strip running the whole length as cathode. A sodium rivet was 
fixed in this, but by the time the tube was filled it was slightly 
tarnished. The anode was a wire in the form of an inverted U 
passing along each side of the strip. This tube was filled with 
eon at varying pressures, and showed a minimum spark potential 
of 209 at 5 mm. It was then refilled at this pressure and used 
for experiments which will be described later. 

4. A tube 14 cm. long, and 2 cm. wide with two copper sheets 

in the same plane along its axis and their ends 3 mm. apart as 
electrodes. Minimum spark potential 270 volts at 65 mm. 
pressure of neon, and cathode fall 221 volts. 
5. A tube the same size as the above with two square carbon 
rods 5mm. apart at the ends as electrodes. Constant results 
could not be obtained even after frequent refilling and passing 
heavy currents. The lowest values obtained for the spark potential 
and cathode fall were 360 and 217 volts respectively. 

6. A tube of the same size with an aluminium plate 
covered with sheets of very slightly tarnished calcium as cathode. 
U shaped anode. Minimum spark potential 200, cathode fall 
150 volts. 

7. Similar tube with spirals of magnesium wire as electrodes. 
Results very inconsistent. A value of 229 for minimum spark 
potential was obtained, and one of 150 for cathode fall. 
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Abnormal forms of Discharge. 


Soon after starting the experiments on spark potential, a 
rather remarkable occurrence was observed. It has been stated 
that to determine the discharge point, the potential was gradually 
raised. On several occasions it was noticed that before the dis- 
charge took place, a glow appeared over the surface of the anode 
and increased in brilliancy as the potential was raised. Suddenly 
‘the discharge would assume its normal form with Aston dark | 
space, Crookes dark space and negative glow. This anode glow | 
was about 5 mm. thick, and although of quite a different order of 
brightness to the normal discharge, was distinctly visible in a well | 
lighted room. It was more conspicuous in neon than in helium, | 
as would be expected from the extreme readiness with which the | 
former gas glows under the least electrical excitation. In helium 
it could not be determined whether the glow appeared suddenly 
or gradually, but im neon it seemed to be produced at a definite 
potential. For pressures above the minimum spark potential 
pressure this occurred at voltages often below the minimum spark 
potential itself, and always below the normal spark potential. 
For instance, in one case with helium at 4 mm. pressure, the 
glow appeared at a potential difference of 185 volts, while the 
true spark potential was 205, while in another with neon at 
33 mm. the glow started at 165 volts and the spark potential was 
267. Below the critical pressure, the voltage at which the glow 
formed seemed identical with the spark potential at that- 
pressure. 

It must be emphasised that this glow discharge is not a part 
of the normal discharge occurring at a voltage insufficient to 
produce the latter, such as takes place from a Wehnelt cathode 
or in the discharge from points (Cond. of Hlectricity through 
Gases, 2nd edn. pp. 479, 513), but an entirely different and 
alternative form of discharge. It was quite impossible in any 
experiment to determine a priort which form would make its 
appearance, but at low pressures the glow seemed to be the more 
stable form. : 

If the glow appeared, the potential could be raised far above 
the normal spark potential without any change occurring, but if— 
the rise was sufficient, then the ordinary discharge would appear, 
although the potential at which this happened was by no means — 
definite. Thus, in a sample of neon, at 10 mm. pressure, the 
glow formed at 199 volts, and the normal discharge appeared at 
voltages varying from 272 to 330. The spark potential was 200. 

Owing to these circumstances the measurement of the spark — 
potential was a matter of some difficulty. It was found, however, — 
that if the normal discharge was once obtained, it tended to : 
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reappear when the potential was reduced below the spark potential 
and then raised; consequently, in practice, the potential was 
raised slightly above the spark potential, causing the glow to 
appear, the voltmeter was then momentarily disconnected, a pro- 
ceeding which largely increased the potential across the tube (as 
may be seen from fig. 1) and started the normal discharge. The 
current was at once cut off and the potential reduced to just 
below the spark potential. On again switching on the current 
and raising the potential, the tube sometimes lit with the normal 
‘discharge, but very often the glow reappeared and the process had 
to be repeated. 

Unfortunately it has been so far impossible to make any 
“measurements of the currents passing through the tube under 
these varied conditions, and it is not easy to ascribe any reason 
‘for the glow discharge. It has however been remarked by the 
author in conjunction with F. W. Aston (Roy. Soc. Proc. A. 1912, 
86, p. 176), that helium appears to conduct the discharge in two 
different ways, and the occurrences under consideration appear to 
be a manifestation of the same phenomenon. It seems that an 
explanation might be afforded by the rather crude assumption 
that if the gas be considered analogous to a metallic conductor, it 
can have two (or perhaps more) different resistances. In this case 
the normal discharge would be the one corresponding to the low 
‘resistance, and the glow discharge to the high resistance, for the 
latter is exactly similar to the normal discharge when the external 
resistance is largely increased. The glow resembles the negative 
glow and appears to be on the anode because of the great size of 
the dark space owing to the low current density ; moreover four 
or five Aston dark spaces are often seen at high pressures exactly 
as in the normal discharge. It is noteworthy, however, that the 
glow discharge could not be produced from the normal one by 
decreasing the current, although at low pressures the change often 
occurred spontaneously when no alteration was made in the 
external conditions. 

On a few other occasions, yet another type of discharge 
appeared. If the potential was very slowly raised when the glow 
discharge was taking place, the glow, which was approximately a 
plane disk over the anode, became unstable, and bulging out at 
the centre, moved bodily over to the cathode where it assumed 
the form of a paraboloid having its vertex towards the cathode, 
and separated from it by a small dark space. No change in 
intensity occurred during this process until the potential was 
raised sufficiently to produce the normal discharge. I can offer 
no explanation for this. 

An interesting type of discharge could also be produced as 
follows. When the current was passing through the gas, the 
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voltmeter being disconnected, the pressure was reduced until the 

dark space just reached the anode. If then the pressure was 

very slightly further reduced or the current density lowered by 
locreasing the external resistance, the current ceased to pass. 
continuously, and passed in flashes. By careful adjustment these 
could be made to succeed each other with great rapidity, or at 
regular intervals as far apart as quarter of a minute. This dis-_ 
charge was previously noted in the experiments carried out in 
conjunction with F. W. Aston (loc. cit.), and affords a beautiful 

illustration of the well known although rarely concisely stated 
fact, that if the anode be brought inside the Crookes dark space, 
no current will pass unless an enormously increased voltage ig) 
applied. In the present case matters are so adjusted that if the © 
current were to pass continuously, it would be so weak that the 
dark space would be longer than the distance between the elec-— 
trodes. Consequently this cannot occur. Increasing the current — 
density, however, shortens the dark space, and a large current can 
pass. To effect this, the energy seems to store itself up until 

sufficient is accumulated to pass over in a burst. As the con-_ 
denser capacity of the vacuum tube must be quite small, it is 
difficult to tell how this storage takes place, and it is remarkable 
that the flashes can be obtained at such long intervals as those 
already mentioned. A further investigation of this point would — 
most certainly prove of great interest, and might throw valuable — 
light on the phenomenon of initial discharge in gases at low 

pressure. : 

Another form of discharge was observed which was probably — 
similar to that from a Wehnelt cathode. Its characteristic was — 
that it occurred from a single point on the cathode, and it was 
induced by traces of impurity on the surface. It only appeared 
once in the carefully cleaned tube used for spark potentials, and — 
was exceedingly persistent in tube no. 7, with magnesium elec- 
trodes. Its appearance in the case of neon was extraordinarily © 
beautiful, and resembled nothing so much as the sun just setting — 
in a perfectly clear atmosphere. Its brilliance was dazzling as 
may well be imagined from the fact that currents of the order of 
50 milliamperes frequently passed from this one point. 

The voltage when this discharge was passing was very low, 
some figures being: with helium in spark potential tube 154 volts, 
neon in tube no. 3, 17-5 mm. pressure, aluminium wire cathode, © 
109 volts; neon in tube no. 7, magnesium electrodes, 75 volts at 
18 mm. pressure, and 110 at 3 mm.; neon in tube no. 2 aluminium 
wire cathode 1 mm. pressure, 85 volts. These values did not 
vary greatly with the current and seemed to bear no relation to 
one another. As with the other abnormal forms of discharge, it 
was impossible to tell when this form would make its appearance. — 
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Fatigue of the Electrodes. 


Some experiments were carried out to determine the effect on 
the electrodes of prolonged passage of the current. Tube no. 3 
with a large sodium and aluminium electrode was originally 
made for this purpose. No convenient source of direct current 
being available it was connected to the 200 volt alternating 
mains with one carbon lamp in series. The current passing was 
jth amp. and was sufficient to cover only about half the cathode 
with glow. This glow, however, gradually spread, and at the end 
of 44 hours covered the whole electrode. The tube was about as 
hot as an ordinary carbon filament lamp. After about 10 hours 
further running, most of the discharge took place from the 
sodium, although there was still a certain amount from the 
aluminium. The experiment was continued, but no further 
changes occurred. The initial voltage across the tube was 143, 
corresponding to a maximum of 200, and this rose to 154, the 
glow also diminishing greatly in intensity. 

From this it may readily be seen that after some time, 
current passed less easily from a given portion of the electrode, 
and moved towards an unused portion. Finally when the whole 
of the aluminium was “exhausted” the discharge started from 
the sodium which was slightly oxidised and evidently less 
favourable to its passage than fresh aluminium. 

A peculiar effect was observed with this tube. When the 
current was cut off with a one-pole switch which disconnected the 
large sheet electrode, the gas round the wire electrode continued 
to glow. Presumably the leakage across the switch or its 
capacity allowed sufficient current to pass to produce luminosity. 
This is another striking demonstration of the minute currents 
which suffice to show their presence in neon, and a tube of this 
nature might well be used in testing for leaks. 

Fatigue was especially noticeable in the tube no. 5 with 
carbon electrodes. For instance, after running about 30 muilli- 
amperes through one electrode at 2:1 mm. pressure, the spark 
potential rose from 400 to 530, and the running potential from 
255 to 300. The tube then completely rectified a 500 volt 
alternating current. In this case a large amount of gas was 
evolved, and this appears to facilitate the passage of the current. 
If this is the case, a new aluminium electrode which evolves 
much hydrogen might be expected to give rise to a lower 
cathode fall than an old one as was observed to be the case in 
one experiment. 

Experiments were made later on a small tube with two sheet 
aluminium electrodes in the same plane, and filled with neon at 
5 mm. pressure. This was connected to a 240 volt main through 
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a lamp. After five or six hours the glow became far paler, 
and it was found that if the current were switched off and 
then on again, the lamp would not light up, although it 
would do so if the current were reversed. This seems to be 
an effect similar to that in connexion with the initial spark 
potential. It occurred in the case of both electrodes, and can 
hardly be ascribed to true fatigue, since, if the current passed 
only for a small fraction of a second, the tube would not again 
light up. Reversal of the current, and possibly alteration of 
pressure, seems to produce some molecular rearrangement of the 
surface of the cathode. 

This tube also showed signs of true fatigue, and after about 
60 hours would not light at all with the potential difference in 
question. 

It will thus be seen that with helium and neon there are 
considerable fatigue effects similar to the well known phenomenon 
of photo-electric fatigue, and probably arising from the same 
cause. 


Intensity of the Illumination. 


Anyone who has seen a discharge through pure neon will be 
aware of the intense brilliancy which characterises it. The 
brightness of the negative glow on a flat electrode at pressures in 
the neighbourhood of 10 mm. is remarkable, and it was thought 
that the efficiency of this light might be very high, and more- 
over, as it appeared likely before starting the experiments that 
the potential difference necessary to start and maintain a current 
would be very low, it seemed not improbable that it would be 
possible to make an efficient lamp which would run from an 
ordinary lighting circuit. Nearly ail the experiments so far 
described were carried out with this end in view, and this accounts 
for any apparent lack of connection between them, and in many 
cases their incompleteness. 

A number of very rough measurements of intensity were 
made with a grease spot photometer, the voltage and current 
being measured simultaneously, but it is not proposed to give 
these in detail. One very interesting fact was that the intensity 
of the light when measured was found to be far less than when 
estimated. Some tubes which were dazzlingly bright were of con- 
siderably less than one candle power, and the estimated efficiency 
was correspondingly reduced. 

There appeared in all cases to be a maximum efficiency for 
medium currents, which were of the order of 30 milliamperes for 
the small tubes already described. The pressure exerted a great 
influence, for example, with copper electrodes, at 3 mm. pressure 
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the efficiency was about 90 watts per candle, while at 12°7 mm. it 
was 20. A similar tube with aluminium electrodes at the former 
pressure had an efficiency of about 40 w.p.c. More satisfactory 
results were obtained with tube no. 2 with a sodium potassium 
electrode. Here the efficiency was increased to 4 w.p.c. for 
pressures between 10 and 16 mm., the voltage across the tube 
being 90, but this of course is far above the limit required for 
practical illumination. Experiments were started with a number 
‘of other metals as cathodes, but were unavoidably broken off. 

_ The above figures were only obtained with gas of the utmost 
purity free from mercury vapour, and after a short time, in spite 
of all precautions, it invariably became contaminated, and the 
brightness diminished. This was less noticeable when the cathode 
was of sodium potassium alloy owing to the absorption of the 
impurity, but this liquid is most inconvenient as it tends to soil 
the glass, and it is almost impossible to coat a metallic surface 
evenly with it. 

While these experiments were in progress, I was informed 
privately that similar work was being carried on by M. Claude 
in Paris. Some of his results have now been published (C. Rh. 
1910, 151, p. 1122; 1911, 152, p. 1377), and are much more 
satisfactory from a practical point of view, an efficiency of 0°64 
watts per candle having been attained. In his experiments no 
attempt was made to keep the voltage low, 1000 volts being used, 
and the light appears to be that from the positive column, 
although this is not precisely stated. In my experiments the 
light was derived from the negative glow, and the amount of 
energy lost in the dark space is many times the amount which 
produces luminosity. On the other hand, when high voltages are 
utilised, the dark space loss becomes negligible. 


Physiological Effects. 


The light given out by helium and neon under the influence 
of the electric discharge is of a peculiar nature. It has already 
been mentioned that the apparent brightness is far in excess of 
the actual intensity, but what is more remarkable is the acute 
physiological effect of such a feeble illuminant. In the foregoing 
experiments it was found that if the light from one of these 
tubes emitting say ;!,th of a candle power, was allowed to fall on 
the unprotected eyes for about a quarter of a minute, a violent 
headache was the result, followed by temporary blindness, while 
on one occasion, looking at a tube of one candle power for one or 
two seconds produced pain in the eyes, and a total inability to 
read for two days, and these effects were not confined to one 
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individual. In consequence, during the whole of the experiments 
it was necessary to wear very dark brown glasses. 
The same effects have been noticed with argon, krypton and 
xenon although the light emitted was of the faintest kind. The 
most obvious “suggestion is that ultra-violet light is the cause, but 
an examination of the spectra of these gases shows that the 
intensity of the ultra-violet spectrum as measured photographi- 
cally is certainly less in all cases than that of the visible spectrum, 
and indeed, in krypton, there are practically no bright ultra= 
violet lines. i 
A property common to these gases is that their spectra all 
consist of a comparatively small number of intensely bright lines, 
and it would be interesting to know if these could possibly atfect 
the eye to the same extent as a continuous spectrum emitting for 
instance the same amount of energy per ;/,th A.U. as is given Y oul 
by one line of the gas spectrum. The total energy of the con-— 
tinuous spectrum would naturally be far greater, but for certain : 
colour senses the two would be equal, and an equal strain on — 
some portion of the eye might result. ; 
In conclusion, it may be mentioned that of the several points 
which have been dealt with in this paper, there is not one, our 
knowledge of which is in the least degree complete, and a further _ 
investigation would certainly in every case be amply repaid. 
I should like to take this opportunity of conveying my very 
best thanks to Sir J. J. Thomson in whose laboratory these | 
experiments were carried out, for the great interest he has at all 
times shown in them. 


SUMMARY. 


1. Measurements have been made of the spark potentials at 
different pressures, between plane aluminium electrodes in very 
pure helium and neon, no external exciting agent being used. 

2. In the case of electrodes 15 mm. apart, the normal 
minimum spark potentials excluding a lower value obtained on 
the first passage of the current, were found to be 184 and 
200 volts for helium and neon respectively, the corresponding 
pressures being 2°4 and 2°8 mm. respectively. For a perfectly 
uniform field the potential differences might possibly be two to 
three volts less. 

3. At pressures higher than those given above, the curve con- 
necting spark potential and pressure did not assume a linear form 
until the pressure rose to about 10 mm. After this point, the 
gradients were 30 volts per cm. pressure for helium, and 22 volts 
per cm. for neon (electrodes 15 mm. apart). 
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_ 4. Special attention was paid to the lag, the purity of the 
gas, and the exclusion of mercury vapour. 

_ 5. The cathode fall with aluminium electrodes which have 
‘been well “run” is at most 164 volts for helium and 170 volts for 
neon. Consequently it does not appear to be. equal to the 
‘minimum spark potential. 

6. With a cathode of sodium potassium alloy in neon, the 
minimum spark potential is near to and not greater than 145 volts, 
and the cathode fall is 85 volts. 

_ 7. The cathode fall in neon with cathodes of copper, carbon, 
magnesium and calcium is approximately 221, 217, 150, and 150 
volts respectively. 

8. Four abnormal and alternative forms of discharge were 
observed. 

(a) Corresponding to a state of very high resistance in the 
gas under examination. 

(b) A variation of the above corresponding to a transition 
stage between it and the normal discharge. 

(c) An intermittent discharge, the frequency of which 
could be controlled. 

(d) Corresponding to the discharge from a Wehnelt 
eathode. 

9. Experiments were made on the fatigue of the electrodes 
which was found to be considerable, and of two kinds. Firstly a 
true fatigue, and secondly a reluctance to allow the current to 
start for a second time when one discharge had already passed. 

10. Measurements were made on the efficiency of the light 
from the negative glow. This was found to be less than was 
expected. 

11. Peculiar physiological effects were observed, correspond- 
ing to arc blindness produced by light of very feeble intensity. 
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Some Diophantine Impossibilities. By H. C. PockLineToN, | 
M.A., St John’s College. 


[Recewed 28 October 1912.] 


1. THE object of this paper is mainly to discuss some 
equations obtained by equating a quadratic function of # and 7 
to a square, either to show that they are impossible in integers or 
rational fractions (§ 3—§ 10), or to completely find their solutions — 
in integers (§ 12). Two theorems on arithmetical progressions of 
which given terms are to be squares are given in § 6, 11, and the 
impossibility of a” + y” = 2 is discussed in § 13. 

2. We make use principally of three lemmas. The first is 
that if zy= 2", and w is prime to y, then both w# and y are nth 
powers. The proof is obvious on expressing z as a product of 
primes and their powers. For each prime that occurs in z must 
occur in # or y, but not in both, and clearly occurs raised to a 
power the index of which is some multiple of n. If n=2 we 
have an alternative proof in Euclid 1x. 2, and if n is a power of 
2 we can get our result by a repeated application of Euclid’s 
proposition. We have assumed that w and y are positive. If 
they can be negative there is the alternative =— wu y=—v". 
By a repeated application we see that if zyz= w”, then a, y and z 
are nth powers. 

We shall also require the following application of the lemma. 
Let a? + Ny? = 2, where either x or zis prime to Vy. Then w# is 
prime to z, for if p is a prime common divisor of # and 2 it 
divides Vy? and hence Vy. Hence the greatest common divisor 
of z+ and zg—« is 1 or 2. First suppose that it is 1, ie. that 
Ny is odd. Then, writing the given equation Ny? =(z+)(z—2), 
we see that z+a=lu, z—x=mwv, where lm=WN and lw is prime 
to mv. We now have y?= w whence u = &, v= 7? and so 


a = (IE? — map)/2, y= En, 2 = (E+ myp)/2. 


Next suppose that the greatest common divisor is 2, 1e. that V7 
is divisible by 4. Then if y is even we have 


N (y/2) = 4 (2 +2).3 (2-2), 


where (z+ «)/2 is prime to (¢—«)/2. Treating this as before we 
find # = 1E*—m7n?, y= 2&n, 2 =1E?+ mn. If y is odd, N must 
be divisible by 8, and N7?/4=4(¢+a).4(z2—2), whence as 
before we find «=/&?— mm’, y=&, z=l1E?-+ my’, where 1é is 
prime to my and Im= N/4. 
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In the case of a?+ y?=2 we see by taking remainders to 
modulus 4 that w or y is even. Supposing that y is even the 
solution can be put into either of the equivalent forms #=w* — 2, 
Y=2uv, z=wt+ey or w=w, y=(W—v)/2, 2=(wt+v)/2. 
We have assumed that 2 is positive. If it can be negative, 
we must prefix the ambiguous sign to its value. The proof given 
above shows that it is necessary that x, y, z should be of the 
forms found; we easily see by Algebra that it is also sufficient. 

Our second lemma is that if wy=uv then x=a8, y=96, 
w= ary, v= 5. This also may be proved by expressing w and y 
as products of primes and their powers, or more readily by 
noticing that a solution is to take a to be the greatest common 
divisor of # and wu, and put B=a/a, y= u/a, which substituted in 
ay=w gives By= qv with 8 prime to y. Hence A divides v. 
Take § = /8, then this equation gives y= 6, and the lemma 1s 
proved, for we have already arranged that w=a8, u=ay, v= BS. 
Tt is clear that the lemma still holds if a, y, u, v may be negative. 
The extension to the product of m indeterminates equated to the 
product of n others is obvious. 

For an example take the equation a?+y?=u?+v. By finding 
the remainder to modulus 4 we see that # and y are both even, 
both odd, or even and odd, according as u and v are. Hence we 
may suppose « to be that one of the first pair that has the same 
parity as wu. Then $(#+wu).$(w@—u)=(Vt+y).% (v—y), where 
(+ u)/2, ete. are integral. Applying the lemma we have 


(w+ u/2=a8, (e©—w/2=98, W+Y/2=ay (wy /2= AS 


whence =a8+y6, y=ay— fd, w= aB—y5, v=ay+ B86, which 
gives a complete solution of the problem to find a sum of two 
squares equal to the sum of other two squares. These values of « 
and y give 22+ y°= (a8 + 7S) + (ay — Bo? = (a + &) (B+ 7"), and 
we easily see that § is the only one of the four that can vanish, 
so that only the first bracket can be unity. This requires that 
=u, y=v, so that the squares are the same. This is the well- 
known theorem that if a number can be expressed in more than 
one way as the sum of two squares, it is composite bie 
We can deduce the solution of a+ y2=2(w+). For it is 
clear that « and y are either both even or both odd, so that 
E=(24+y)/2 and »=(a—y)/2 are integral. Substituting for 
# and y, the equation reduces to the form just discussed, 


B+ Pa=wtv 


* The more general case ?-+ Ny?=u?+ Nv? can be treated in the same way by the 
extension of the lemma. The equation «3+ y®=u+v* was solved by Bachet (in his 
Diophantus). See also Fermat’s note (p. 133). The equation xt +yt=ut+v% also 
can be solved generally, one solution being 


2=12231, y=2903, w=10381, v= 10203. 
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From this we easily solve completely the problem of finding the 
parallelograms that have their sides and diagonals integral. The 
solution is that the sides are a8—y6é and ay+6, and the 
diagonals a8+yd+ay— 8S and aB+yd—ay+ Bd. We may 
without loss of generality take a to be positive, and then in order 
that x, y, u,v may be positive and form a real parallelogram we — 
must have §, y, 6 positive, and a>6, B>y¥. 

The third lemma is that if «y= uv and @ is prime to v and y 
to u,thenv=+u, y=+v. For from the first condition x divides — 
u, and from the second w divides w. 5 

3. Consider a'— py!= 2°, where p is a prime of the form 
8m + 3, and suppose that we have that solution in which zy has 
the least value. Then # is prime to y. It is also prime to gp, for 
otherwise 2? is divisible by p and hence by p?, so that py* is” 
divisible by p®, which is impossible, as y, being prime to «, is not 
divisible by p. Also y is even, for otherwise we should have 
2=5 or 6, mod. 8. Hence a =w?+ pvt, y2=2uv, where wu is 
prime to pv and one of them is even. If wu is even, v is odd and 
x?= 38, mod. 4, which is impossible, so that v is even. Hence — 
+ u= &— pr’, v= 2m, where & is prime to py and one of them 
is even, which gives y?= + 4& (E2— py). Hence =a? 4 = 87, 
E?- pry?=+y or a'—pRt=+y*, and a or B is even. Hence} 
+ ?=1, mod. 4, so that the upper sign must be taken, and the 
equation is of the same form as that considered. Also 

CHISE 3 faipe< OPK GPU, 
that 1s we have found a solution in which zy has a value less than 
the least that it can have, and we infer that the equation con- 
sidered is impossible. In the same way we show that the equation 
x*+ 2y!= 2" is impossible, and the impossibility of a — 8yi'=2 
can be proved similarly. The complete solutions of a*— 2yt=2 
and 2a*— y*= 2? can be found. 

4. The equation «+ y*= nz’ is impossible if n (supposed not 
divisible by any square) contains an odd prime not of the form 
8m + 1, for if it has a solution it has one in which « is prime to y, 
and a+ y* is then not divisible by any odd prime that is not of 
this form. If n=17 there is a solution =2, y=1 and we can 
prove by Fermat’s* method that the number of distinct solutions 
1s infinite. 

If possible let a, y, z be that solution of the equation 

ah yt = p2’, 
where p is a prime of the form 8m +3, in which wy has the least 
value. Then as before # is prime to pz and z is even. Hence 


* «Doctrinae Analyticae Inventum novum ” (prefixed to S. Fermat’s edition of 
Diophantus), p. 26 et seq. 
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P=w+ pr, +y=w—pr, where w is prime to py and one is 
even. But by taking residues to modulus 4 we see from the first 
equation that v is even, and that the upper sign must be taken in 
the second. Hence solving, 2pv?= a?— y?, 2w’=a?+y*. Writing 
| 2 = 2 
the second equation (* 5 2 +f ( 9 2 =u?, where «—y>0, we 
Ihave (# + y)/2 = &?— nf, (a ¥ y)/2 = 2&n, whence 
| p (v/2)= En (E? — 77). 
Now & is prime to 7 and so each is prime to €*—7. Hence 
fa po, n= 2, &—a = or E=o?, n= ph, — 7 =o or E=a?, 
n= 8, &—7?=py according to the factor that is divisible by p, 
nd in each case a, 8, y are prime to each other. These give 
Pot — Bi=y, at—pBt=o? or at—Bi=py? respectively. The 
first of these is impossible for p cannot divide B*+ +. The third 
is of the form of the hypothesis, and a®G? > a?B?y? < vw < a < ay? 
which contradicts the assumption that zy had the least possible 
value. In the second « is prime to p, for if not we can write the 
equation p’a*— 6'=y? so that @ is divisible by p, which is 
impossible as a is prime to 8. Hence as a or 8 is even, 
| aty=M, a? Fy = ppt, 
and adding we have A‘ + p’u4 = 2a”, which is impossible, for p does 
not divide a and 2 is a non-residue of p. Hence the given 
equation is impossible. We have proved one case of the theorem 
that « — p®y!= 2 is impossible, and the other case gives 

e=uet+ v, py? = U2 — v2, 
‘so that u‘—v! = pay’, which is impossible. Hence #— p’y*= 2? is 
impossible. 

We have also proved that ay (a — y”) = pz? is impossible if # 
is prime to y, and we easily see that this restriction can be 
removed, hence the area of an integral right-angled triangle 
eannot be the product of a square and a prime of the form 
8m + 3. 
+45, Tf at— ay? + y= 2 has any solution it has one in which « 
is prime to y (and «+y unless e=y=1). Firstly let # or y be 
even, say y, and suppose that we have that solution in which xy 
has the least value, subject to y even. Writing the equation in 
the form (a? — y?)?+ a?y?= 2 we see that a®— y° is prime to ay, so 
that a2— = u?—v, xy=2uv, where the first equation shows 
that v is even. Dividing the last equation by 2 and using the 
second lemma we have w=a8, y=2r76, u=4ay, v= 86, where 
a, 8, y, 8 are prime to each other in pairs, for x is prime to y, and 
u tov. Also a, 8, y are odd and 6 even. Substituting in the 
previous equation we have A? (a+ &)=7 (a + 46°). Now £ is 
prime to y and as @ is prime to 6 the greatest common divisor of 
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a+ 6 and a+ 40? is some divisor of the determinant formed 
from their coefficients, which is 3. But 3 does not divide o?+ 8 
hence the brackets are prime to each other, and applying the 
third lemma we have 02+ &=9?, a? +45°= 6. The last gives 
a=&—7, 6=&n which aris ced in the previous one gives. 
&*— £7? 4+ n+=9%. This is of the original form, for & or 7 is 
even. Also £7 =6 <2y6< y< ay, which contradicts the assump 
tion, and we conclude that the equation is impossible if a or y 
is even. | 

Secondly if « and y are both odd, we again write the equation | 
(2 — w+ ay? = 2? and unless 2—y=0 we find 2—y?=2uy,, 
cy =u?—v*, whence s 

ut — yy? + yt = C= ve + uy? = (x a yy, 

which is of the form just proved to be impossible, for w is prime » 
to v, one of them is even, and (a+ y?)/2 is integral. Heneg 
w — oy? + yt = 2? is impossible uMleSs ic — 

From this we can prove that an integral triangle with an 


angle of 60° cannot be equal in area to an equilateral triangle, 
unless it is itself equilateral. For this requires ¥ 


eP—xsy+y= 2, cy=w*, 

where «, y are the sides about the angle of 60°. If these 

equations have a solution they have one in which « is prime to y, 

and then the second equation shows that s=w?, y=v?, and the 

first becomes w!— uv? + 0'=2?, which is impossible unless w=, 

that is, e=y. ; 
6. If we attempt the second part of the discussion of 


at — ay? alt yf! — 72 
by the same method as was used for the first part we get 
207 1O —= ay a)207— Bo, 

whence @, y”, 8, 6 are in arithmetical progression. It is possible 
but troublesome to go on and complete the proof. As however 
we have proved the theorem in question we can invert the 
present proof and show that four squares cannot be in arith-— 
metical prog wecelen. For if 2, y?, 2, w? are such squares, we have 
2a°2? — 2yw? = ay? — zw, Hence putting | 

U=22, v= yw, E=(ay+zw)/2, n=(ay —zw)/2, 
which we easily see to be integral, we have 

W—v=2En, uy = E?— 77, 


and hence ut —wv?+ vu! = (+77). Also unless the squares are 
all equal (when they can hardly be a progression) we have 
y>", w>zZz or y<a, w< 2, so that wu and v are unequal, and the 
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last equation is impossible. Hence four squares cannot be in 


Also «4 — 4ay + 2a*y?+ 4ayity', x14 2a? + y, 
x + 4ay + 2a°y? — 4aey?+y* and x*+ 8a°y + 2a°y? — 8ey* + y! 


are in arithmetical progression, and the first three are squares. 
Hence we conclude that the last expression cannot represent a 
‘square ft. 

If a+ 1407? + yt=2 has any solution it has one in which x 
is prime to y. If the indeterminates are odd and even we have 
(2-7) + 162°y?= 27, whence #°—7?=u?—v*, 2ay=uv and so 
Ww — we + vt = (22+ y"), which is impossible, for w and v are odd 
and even and hence unequal. If # and y are odd and unequal, 


Ala 


: ; Tt — UENS z\? 
we write the equation ( Z } + ey? = (j) , Whence 


(2 — y?)/4 = 2uv, vy =v? — v’, 


0 that ut+ 14wv? + ot = (a+ y’)/4, where w is prime to v and one 
of them is even, which we have just shown to be impossible. 
Hence a+ 14a°y?+ y= 2 is impossible unless # = y. 

7. If possible let (a+ y?? — Na*y? = 2, where NV is odd, not 
of the form 8n+3 and not divisible by any prime of the form 
4m + 1, and moreover NV — 4 is an odd power of a prime? (it cannot 
be an even power for NV cannot be the sum of two squares), and 
let us suppose that we have that solution in which ay has the 
least value. Then z is prime to y, and by taking the remainders 
to modulus 8 we see that # and yare not both odd. Let y be 
the even one. Also from its composition V is prime to a?+y’, 
hence the terms of the equation are prime to each other, and 
from the first lemma 2+ y?= lu?+ mv, vy =2uv, where lm = N 
and / is prime to m. Applying the second lemma to the second 
equation we get z=a8, y=2yd, u=ay, v= 6, where a and PB 
are odd, y or 6 is even. Since # is prime to y we have @ prime 
to y, 6 and @ also prime to y, 6, and since Ju is prime to mv, we 
have a prime to 8 and y to 6, and also J prime to 8, 6 and m to 
a, y. Substituting in the previous equation we get 


| a (B® — ly?) = 8 (mp? — dy). 
| 


Now a is prime to 4, and since @ is prime to y, the greatest 
common divisor of the two brackets divides 


| 1, -—l 
i ‘ ’ = N—4= y*t1 
| m, — 4 : 

* Fermat, ‘Inventum novum,” p. 20. 

+ Ibid. p. 36 


4 at Ni then N-4=-~3, This case is included in the proof, taking p=3 
ater. = eens 


; =s 
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say, and hence must be a power of p, say p*, where X + 2k+4+ 1. 
Dividing by < oe using the third lemma we get } 


—ly= + p8, mp? — Any? = + p* ae, ; 
First eae that is even. If we take the lower sign the 
first equation shows that J/=1, for otherwise J would contain a 
prime of the form 4n +3 and could not divide B? + pe which is” 
a sum of two squares the first of which is prime to l. Hence 
=N. The first equation- has become y?=§?+ p*6*, whence y_ 

o odd, and as a and 8 are odd the second equation gives 


N—4=—1, mod. 8, 


which is contrary to the hypothesis. i 
If we take the upper sign the second equation shows that. 
m= 1, for otherwise it would contain a prime of the form 4n+3_ 
and so could not divide 47+ p*a, where 2y is prime to m. 
Hence /= NV and the second equation, 6? = pa? + 4ry?, gives 
B=2 +7’, y= &n, ; 
and on substituting in the first we get (€? + 7)? — NE? = po? 
This is of the original form, for \ being even, p* is a square. Also 
En = < 2y6< y< ay, which contradicts the assumption. ; 
Next suppose that X is odd. Solving the equations for B and 
y we have @ — mé?= + pity’, lo? — 40° = + p*O?, where w= 2h + 1—X- 
and is even. These equations are of the same form as those just 
considered, with J and m, a and £, y and 6 interchanged, and 
in precisely the same way we show that the lower sign gives 
a contradiction of the hypothesis, and the upper sign gives an 
equation of the original form with a smaller value of the product 
of the indeterminates, which contradicts the assumption. Hence 
the equation is impossible under the restriction on WV stated in the 
hypothesis. { 
The most viupeneym case of the proposition is that of V = bi 
or that a+ a*y’+ y* = 2 is impossible. Hence, just as in § 5, an 
integral triangle with an angle of 120° cannot be equal in area © 
to an equilateral triangle. Also 
at + Py? + yt = (a + wy + Y?) (a? — ay + ¥?), ; 
so that both brackets cannot be squares. Hence a parallelogram — 
with integral sides and diagonals cannot have an angle of 60° 
between the sides or between the diagonals. 
If at — 140°? + yi = 2 has any solution it has one in which — 
x is prime to y. If one of these is even we write the equation — 
(22+) — 16ay?=2, whence #+y=w+v, 2ay=w, and <q 
ut + uv? + v! = (a2 — y?)?, which is impossible. If « and y are both — 
odd we write the equation 


2 2 
(- = i — 4aty? = 2/4, 


*) 
7 
, 
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and as (7+ y?)/2 is odd we have 27/4=5, mod. 8, which is im- 
possible. Hence the proposed equation is impossible. 

8. If possible let (a+ y+ Na’y?=2, where N is odd, not 
of the form 8n +5, and not divisible by any prime of the form 
4n+1, and N +4 is an odd power of a prime (it cannot be an 
even power, for it is odd and not =1, mod. 8). As before we take 
the solution for which zy is least, and see that « is prime to y and 
one of them even, say y, and that NV is prime to a+y, Hence 
e+ y=l—mv*, sy=2uv. As before the last gives «=a8, 
y = 278, w= ay, v= 86, where a and 8 are odd, a, B, y, 6 prime 
to each other in pairs, and J prime to 8 and 6, m prime to a and 
y. Substituting in the previous equation we have 


a? (Iy? — 2) = 8° (dey? + mB), 
The determinant of the coefficients in the brackets is 
Neate 4, Sor, 


say, and hence the greatest common divisor of the brackets is p’, 
where 7X + 2k+1. Proceeding as before we have ly?— 6 = p'o, 
4n? + mB? = po. First suppose that X is even. Then the first 
equation shows that J=1 (and so m=) and that y is odd. 
Hence as a and # are odd the second gives V+ 4=1, mod. 8, 
which is contrary to the hypothesis. Next suppose that is odd. 
Solving for 8 and y we find lo? — 48° = p*B?, a + md? = py’, where 
p=2k+1—X and is even. The first equation shows that /=1 
(and so m=) and then gives a= &+ 7°, 6=&, and on sub- 
stituting in the second we get (&?+ 7”)? + N&n? = p*y? = square. 
This equation is of the original form, and &)=6< y< zy, which 
is contrary to the assumption. Hence the equation in question 
is impossible. 

In a closely similar way we can prove the impossibility of 
(a? + y°?)? — 2Na*y? = 22, where WN is of the form 8m + 7, is divisible 
only by primes of the form 8m+ 7, and NV — 2 is an odd power of 
a prime; that of (@+7°)+2Nay?=2, where N+2 is an odd 
power of a prime and N is of the form 8m +1 and either divisible 
only by primes of the form 8m+3 or only by those of the form 
Sm+7; that of (2+7)?—8Na’y?=2, where WN is of the form 
4m, + 3, is divisible only by primes of that form, and 2 —1 is an 
odd power of a prime; and that of (a+y)? + 8Na*y’, where VV 
is of the form 4m +1, is divisible only by primes of the form 
4m +3, and 2N +1 is an odd power of a prime. (We easily see 
that in each case the power is necessarily odd.) 

9. The general method can also be applied to many other 
eases, the necessary exclusion of some alternatives being effected 
by noticing that an equation such as aa?+ 6?= 66" can only hold 
if some such condition as that —a@ and b are quadratic residues 


8—2 
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of each other is satisfied. It is sometimes convenient to com- : 
mence by writing the equation in the form (a?— yf? + Nay=2, — 
and then we must examine the equation to see if e=y gives a 
solution. Sometimes we have to use the method developed in § 12, — 
second case. Collecting results, we have a+ na°y?+y*=2 im-_ 
possible if n is 0, 1, 3, 4, 5, 6, 7 (unless =y), 9, 10, 11, 14 (unless — 
z=), 15, 18, 19, 20, 21, 22, 25, 28, 29, 35, 45; 51, 59, 65, G9, 74am 
81, 91, and if —n is 1 (unless x = y), 3, 5, 6, 7, 8, 10, 12, 14, 17, © 
18, 19, 20, 21, 22, 23, 24, 27, 29, 31, 45, 54, 55, 60,61, 69) (am 
If n lies between — 30 and 30 the equation can be solved except — 
in the cases just given. If n= —15 the least solution is = 95, — 
y = 24, but in the other cases the values of # and y in the least 
solution do not exceed 6. 
10. We now propose to prove the impossibility of 


(a? — 5y?)? + 128277? = 2°, 


not so much for its own sake as because of a deduction we make 
from it. As before, if it has a solution, take that in which ay 
has the least value. Then a is prime to y. If # is divisible 
by 5 let it be 5z’, then the equation becomes | 


(y? — 5a”)? + 128 y2a"? = (2/5)?, 


which is of the same form as the original equation but with a 
smaller value of the product of the indeterminates. Hence w is — 
prime to 5 and a? — 57? to xy”. | 

Firstly, suppose that 21s even and y odd. Then a?—5y?=2v?—v?, 
Axy = uv, where wu is odd and v even, x=a8, y=y¥6d, u=ay, 
v=486 and a? (6?4+ 9°) = &(328?+4 57”), where 8 is even and y 
odd. The only possible greatest common divisor of the brackets 
is unity, so that a?=32@?+ 5y?, which is impossible to modu- 
lus 8. 

Secondly, suppose that zis odd, and y even. Then - 


e— by =w—20, 42y= U0, 


where wu is odd and v even, 7=a8, y=y6, u=ay, v=486, where 
a, 8, y are odd and 6 even and §?(e?+ 320°) =9?(a?+ 56’). The 
greatest common divisor of the brackets divides 27, hence 
a? + 3262= 9? or = Or’, a + 56?= 8? or = 96", the other cases being 
excluded by using the modulus 8. Since 6 is even the second — 
of these equations gives 1n either case + a= &?— 57, 6 = 2&n, where 
— or 7 is even, and the first becomes (£— 5n?)? + 128&n? = sq. 
This is of the original form, and 2) =6 $y < 2ay, which is 
impossible since we have chosen a solution for which wy has the 
least possible value. Hence the equation has no solution in — 
which w and y are one even and the other odd, or in which both © 
are even but containing 2 to different powers. 
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Lastly, let both # and y be odd. Then 2 — 57? is divisible 
by 4, the quotient being odd. Writing the equation 


2 Bap\2 
(* 7) + 8474? = sq., 


we have (a? — 5y)/4 = + (w? — 2v"), zy = wv, where wu and v are odd, 
and =a, y=70, w=ay, v=, where a, 8, y, 6 are odd. 
‘Taking the lower sign in the first equation we have 
a (02+ Ary?) = & (SB? + 5y?”), 
The greatest common divisor of the brackets must be unity, so 
that a?=86?+ 5y?, which is impossible to modulus 8. Taking 
‘now the upper sign we have £?(a?+ 86?) = y?(40?+ 58"). The 
greatest common divisor of the brackets must divide 27, hence 
4+ 88°= 9? or =9y?, 40?+50?= 8? or 96", the other cases being 
excluded by using the modulus 8. The second of these gives 
+a=(E?—5n’)/2, 5=&n, where & and n are odd, and the other 
becomes 

2_ Fk ne 
(Ft) +860 =, 
which is of the original form. Also &n = 6 = ay/aBy < vy unless 
a=S=y=1 numerically. But then e=1, y=d, w=1, v=6 
and (a —5y*)/4= 1? — 20 gives 6&?=1, so that our solution is 
-£2=y=1 numerically. Hence if we have any solution in which 
z and y are odd and not both = +1, and «# is prime to 5y, we can 
find another satisfying the same condition, in which the product 
of the indeterminates has a smaller value. This is impossible. 
Hence the given equation can be satisfied only if e=y or «=5y 
“numerically, or if # or y vanishes. 
) 11. We deduce that the first, second, fifth and tenth terms 
of an arithmetical progression cannot all be squares, unless the 
first term is zero or all are equal. For if possible let the squares 
be those of 6, y, 8, a(supposed positive). Then 


a? B? au 5ry?o? a AaPry? ae 820” 


and if r=a8, y=¥9, u=ay, v = BO, we have a? — 5y?=4 (w — 20°), 
ay=uw and (a? — dy)? + 12847? = 16 (u?+ 2v’)?. This is impos- 
sible except in four cases. If «=y we have a8=y6, which gives 
— 4928? = doy? — 828. Eliminating y this gives 06? = 26 — a’, and 
so a?= 6, whence the squares are all equal. If e=5y we have 
a= 5y6, which gives 5y%6?=o'y?— 26° Eliminating a this 
gives 5By?= 25y*— 24, which has no solution in integers. It 
a=( or y=0, one of the numbers a, 8, y, 6 must vanish, and 
we easily see that it must be 6. Hence we have the theorem 
stated above. 
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12. Some equations of the type considered can be solved — 
completely. We choose as an example a‘— 4a°?+y'=2 and 
confine our attention to the case of x prime to y, as it is clear 
that when all such solutions are known the others can be 
immediately derived from them. We cannot have both # and — 

y odd. Suppose y to be even. Then writing the equation 
(e+ ye 6a°y? = 22 we have a?+y? odd, and either 

e+ ypP=u + be, «sy =2u0, 
with w odd and (using modulus 4) v even, or 

e+y=sur + 2%, sy = 2w, 
with u odd and (using modulus 4) v also odd. In the first case 
a+ y?= 1, mod. 8, in the second case a? + y?= 5, mod. 8. 

In the first case x= a8, y= 276, u=ary, v = BO, with a, B, y odd 
and 6 even. The other equation now is 6? (a? — 662) = 9 (a? — 46°), 
which gives a?—68=9?, a? — 46?= 6°, the alternatives being im- 
possible to modulus 8. From the second of these a=&+ 77, 

= &n, and the first becomes (£+ 77)? — 6&n?= 9. Also 
&n =8< 2aBys < ay. 


Of course & is prime to 7. 

In the second case = a8, y = 2rd, u= ay, v = BO, but a, B, x, 6 
are all odd. The other equation now is a? (8? — 3y°) = 28? (3? — 2ry?), 
which gives 3n?— PB’ = 26%, 2n?— 6’ =e’, the alternatives being 
impossible to modulus 8. These give 


(B +4) (B—a)=4(y +6) (y— 8). 
We suppose none of the factors to vanish. Each of the factors 
is even, one of those on the left is not divisible by 4, and the 
other must be divisible op 8. Supposing * it to be 8+a we have 
B+a ae y+6 yn 8 
5) = dab, = iil, eer ac, 9 = bd, 
where a, b,c, d are bs a prime (for a, 8, y, 6 are), and c and 
dare odd. Substituting in 2y?— 6?=0o?, we have 
a? (166? — c?) — 2ad . be + d? (ce? — b?) = 0. 
But as a/d is rational we have 
bc? + 16 (0? — ce) (BP —@) = sq. = 62, 
say. Putting 2b=7, c= &, this is &— 4£n?+ n= C2, where & is 
prime to 7, Also numerically 
En =2b0< 4abed < y?-—& <9 or < &, 
En < l6abed < B?—a? < 8? or < a”. 


* If it is B—a we put (8+a)/2=bd, (6- de 4ab, (y+4)/2=ac, (y— 5)/2=bd 
and get the same result as that given in the text. 
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Therefore we have &n either < y@ or < ya or <88 or <6a, so 
that &)<aByd< xy. But if one of the factors does vanish we 
find on working back that numerically a, B, y, 6 are all equal 
and a = 2y. 

Hence if we are given any solution in which z is prime to y 
except the solution (1, 2) we can deduce a smaller one, and 
repeating the process must ultimately reach the excepted solution 
(1, 2). Hence we can reach any solution by retracing our steps 
from this one. Let then &n satisfy &— 4£%n?+ 1=€?, where 7 
is even and prime to & In retracing the work of the first case 
we see that each number can be determined, and that a is prime 
to 6, then that a, 8, y, 6 are mutually prime in pairs, and finally 
that x is prime to y. In retracing the work of the second case © 
we have 6, c and € mutually prime and c¢ odd. Then 


a/d =(be + €)/(160? — c?). 


If we take a/d to be in its lowest terms we have a prime to b,c 
and d, and d odd and prime to 6 and c. Then (@ + @)/2 is prime 
to (@ —a)/2 and a is prime to @, both being odd. The previous 
equations now show that a, 8, y, 6 are all odd and mutually 
prime, so that z is prime to y. The ambiguous sign in the 
value of a/d may be taken either way unless bD=c=C=1 
numerically, and the values of a/d are not reciprocals of each 
other. Hence in general we can deduce three solutions from 
any given one, but only two can be deduced from the solution 
elt 2). 

All these solutions are different. For if in retracing our steps 
we arrive at the same solution in different ways, then in the 
direct work there would be two alternative ways of proceeding. 
But this does not happen, for the case that the work falls in can 
be determined by the remainder of a+ 7? to divisor 8, and in each 
ease each step is uniquely determined. 

By a method similar in principle but differing in detail we 
can find the complete solution of 2a*—y*=z. From the least 
solution (1, 1) we can deduce one other, but from any other we 
can deduce two new ones, and by continuing the process can 
reach any solution. In the case of y!—2a*= 2? we deduce one 
solution from each solution of the allied equation 2a4 — y*= 2 and 
from any solution of the equation itself we can deduce one other, 
and continuing can reach any solution. The arrangement of the 
primitive solutions is not a dichotomously or trichotomously 
branched one, as before, but consists of an infinite number of 
unbranched sequences. 

13. If the equation 2” +4” = 2 has any solution it has one 
in which # is prime to y, one of them, say y, being even. Then 
a =u—v, y=Quv, and if u is even u+tv=a", u—v=", 


| 
“ 
4 
a iI 
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w= Wy", y= 8", or if w is odd w+v=a", u—-v=P®, u=¥y 

vy =2"-1§", whence a+ 8” =(2y)" or a” — B™ = (26)” respectively. 
Hence 2%” + y= 2 is impossible for all values of n for which | 
a” +y"= 2" is impossible, that is according to a statement of 
‘Fermat *, for all values of n greater than 2, or according to a 
proof by Kummer, for all values of n that are divisible by any 
odd prime less than 100. Our equation is also impossible if n_ 
is even. 

14. We can of course apply the method of this paper to - 
a” + y” = 2°, but we get no results other than those found by 
Abelt. We notice, however, that if it has any solution it has 
one where x is prime to y. Hence (ayz)”=a"y"(a" + y”) is of 
the form w”=wuv(u+ v) with u prime to v,so that the problem 
reduces to that of proving that an nth power cannot be repre- 
sented primitively in a certain binary cubic form. We can now — 
apply the criterion that the number can be represented, but the 
resulting condition is so complex that further progress appears 
impossible. 

15. Summary. We have proved or given a method for 
proving that the following equations have no solutions in which 
“, Y, 2 are rational fractions or integers other than zero :— 
a*— py’ = 2, where p is a prime of the form 8m+ 3; a+ 2y3=27; 
a — 8yi= 2"; at — yt = pz, where p is a prime of the form 8m +3; 
(a? + y?)? — Na’y? = 2, where JN is odd, not of the form 8m+3 and 
not divisible by any prime of the form 4m+1, and V —4 is an 
odd power of a prime (including the case V =1); 

(a2 ae yy Ee Nay? = 2, 
where JV is odd, not of the form 8m+5 and not divisible by any 
prime of the form 4m+1, and V +4 is an odd power of a prime; 
(?+y?yP —2Na%y?= 2, where N is of the form 8m+7 and is 
divisible only by primes of the form 8m-+ 7, and V —2 is an odd 
power of a prime; (a+ y?)? + 2Na’y?= 2?, where NV + 2 is an odd 
power of a prime and WV is of the form 8m +1 and either divisible 
only by primes of the form 8m-+3 or only by those of the form 
Sm +7; (#@+yP— 8Na*y?= 2, where NV is of the form 4m+3, 
is divisible only by primes of that form, and 2N —1 is an odd 
power of a prime; (a? +7) + 8Na*y?=2, where JN is of the form 
4m-+1 and divisible only by primes of the form 4m+3, and 
2N +1 is an odd power of a prime; at—na*y?+y!=2 for the - 
following values of m not included in the general results given 
above, n=17, 18, 20, 23, 24, 27; a+ na*y?+y*= 2" for the 
following values of n not included in the general results given 


* Diophantus, p.61. 
t+ See H. J..S. Smith, Brit. Assoc. Report, 1860 (Oxford), p. 151. 
£ N. H. Abel, Oeuvres Completes (Christiania, 1839), vol. 1. p. 264. 
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above, n=15, 19, 22, 91; a2”+y"=2 for all values of n for 
which the equation a” +4” =z” has no solution in integers other 
than zero. We have also indicated the proof that the following 
equations have no solutions in which 2, y, z are rational fractions 
or integers other than zero, # and if being arithmetically unequal ; 
wht naty? +y=2 if n=7, 14; ~ ney? i gP Se it = Ms and 
proved the impossibility of ae by’)? + 128a°y? = 2? if a, y, "2 are 
rational fractions or integers other than zero and «fy #5y 
numerically. We have proved that four consecutive terms of an 
arithmetical progression cannot each be square, unless all are 
egual; and that the first, second, fifth and tenth terms cannot 
each be square unless the first is zero or all are equal. We have 
solved the equation a — 4a7y? + y'= 2 completely and given the 
nature of the complete solution of 2a*—yt= 2 and y* —2a* = 2, 
We have also shown that Fermat’s impossibility may be made to 
depend on the properties of a binary cubic form. 
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NEWELL Arper, 8c.D., F.G.S.,. Trinity College, Cambridge, 
Demonstrator in Paleobotany. | 


On the earlier Mesozoic Floras of New Zealand. By EK. A 


[Read 25 November 1912.] 
THE presence of the “Terra Nova,” the ship of Capt. Scott's 
Second Antarctic Expedition (which is still at work in the far 
South), during the winter months of the last two years in New 
Zealand waters has led to the collection of materials which are 
likely to add considerably to our knowledge of the earlier fossil 
floras of that island. For the seizing of this opportunity we are 
indebted to Mr D. G. Lillie, B.A., of St John’s College, a member 
of the Biological Staff of Capt. Scott’s expedition. Mr Lillie, who 
previous to his departure for the South had had considerable 
experience of the art of fossil plant collecting in this country, has 
set himself the task of making fresh collections by modern methods 
from the oldest (in a geological sense) plant-bearing beds in New 
Zealand. He has also been the means whereby the best of the 
fossil plant material, already collected by the Survey and other 
institutions in New Zealand, has been sent on loan to Cambridge 
to undergo a thorough examination for the first time. I thus 
hope within the next few years to offer a fairly complete account - 
of the older Mesozoic floras of these islands. 

In the present communication I have a two-fold object. In 
the first place it is proposed to make some brief remarks on 
the nature of the new material collected last year by Mr Lillie, in 
conjunction with Mr R. Speight, F.G.S., of the Canterbury College, 
Christchurch, New Zealand, from the celebrated Mount Potts 
beds, the geological age of which has remained so long in doubt. 
In the second it is proposed to revise our present knowledge of the 
pre-Cretaceous floras of New Zealand. 


The Mount Potts Beds. 


Since the discovery in 1878 of the fossil flora of the Mount Potts 
beds by McKay, a controversy has raged, on and off, in New Zealand, 
as to the character and geological age of the flora of these beds in 
the Rangitata Valley, Ashburton County (Canterbury), while in 
Europe subsequent uncertainty has also continued until this day 
on these points. In that year it was asserted, by Hector, that 
Glossopteris occurred in these beds, and the impression has come 
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to be widely held that a typical Glossopteris flora would one day 
be forthcoming in this locality. This is really a matter of great 
Importance, for we have long been uncertain whether New Zealand, 
in Permo-Carboniferous times, did, or did not, form part of the 
great Southern continent of “Gondwana-land.” If, as now seems 
almost certainly the case, New Zealand formed no part of that 
continent, then we are face to face with a fact of far-reaching 
geological interest. 

Mr Lillie’s collections from Mount Potts show that the age 
of the flora is either late Triassic (Rhetic) or very early Jurassic. 
Glossopteris itself does not occur, though a fern-like frond of 
somewhat similar habit, but without a reticulate lateral nervation, 
is present. This plant which has in the past been mistaken for 
Glossopteris is a member of a new genus. The other plants 
associated are all of the Mesophytic type, such as Thinnfeldia, 
Cladophlebis and Baiera, and no typical Permo-Carboniferous 
species are represented. 

So far no Paleozoic plants of any kind are known from New 
Zealand ; which is a most remarkable fact. A Geological Survey 
of the islands has been in existence for nearly half a century, and 
there is little doubt that by this time the main features of the 
geology of the islands are pretty well known. It is thus unlikely, 
though not of course beyond the range of probability, that any 
great series of Palzeozoic plant-bearing beds remains to be dis- 
covered, and, bearing in mind the very wide extent of the 
Glossopteris beds in Australia and other parts of Gondwana-land, 
it is still more unlikely now that such rocks remain undiscovered 
in New Zealand. Many new localities for fossil plants will doubt- 
less be discovered in the future, but at present it seems likely 
that they will only furnish Mesozoic or Tertiary plants. 


A Review of our present knowledge of the earlier 
Mesozoic floras of New Zealand. 


At the present time our knowledge of the fossil floras of New 
Zealand remains in an extremely unsatisfactory condition. It is 
true that a number of Tertiary plants, and possibly also some of 
Cretaceous age, were described and figured by Ettingshausen* 
many years ago. From this evidence Ettingshausen drew several 
startling conclusions with regard to the origin of the present flora 
of New Zealand, conclusions which are now generally discredited, 
and which tended at one time to throw considerable doubt on the 
value of the study of fossil plants. The systematic portion of this 


* Hitingshausen, Denkschr. K. Akad. Wissen., Wien (Math.-Natur. Klasse), 
Vol. nr. Pt. 1. p. 143, 1887; see also Geol. Mag., Dec. 3, Vol. 1v. p. 363, 1887, and 
Trans. N. Zealand Inst. Vol. xx. p. 237, 1887. 
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work, however, remains as one of the very few real contributions 
to the study of the fossil floras of New Zealand. , 
It has been known, however, for more than half a century, — 
that New Zealand is rich in Mesozoic floras of pre-Cretaceous — 
age. Large collections of these plants were gathered together 
from time to time by the officers of the Geological Survey of the 
islands and by others, and several half-hearted attempts, at one 
time or another, have been made to describe these floras, attempts 
which generally ended in long lists of valueless nomina nuda (see 
p- 180). As the literature on the subject of these pre-Cretaceous - 
floras stands at present, it consists of little more than strings of 
names, applied to fossils which have never been described or figured, © 
names which are therefore meaningless. 
There have, however, been some exceptions. Through the’ 
good offices of Mr Lillie, Mr P. G. Morgan, the Director of the 
New Zealand Geological Survey, has kindly sent me on loan all 
the previously figured specimens in the Collection of the Survey. 
I have also gratefully to acknowledge my indebtedness in this 
matter to Mr J. Allan Thomson, Palzontologist to the Survey, 
for facilitating the loan of these specimens, and for much informa- 
tion as to the localities and to the literature published in New 
Zealand. 
The first step in the revision of these fossil floras has naturally 
been a re-examination of the specimens which have hitherto been 
regarded as types. I propose here briefly to review these specimens 
with the object of sorting out those which are of real value, and 
of further compiling lists of imperfect determinations and of | 
nomina nuda (p. 130). Such names cannot unfortunately be 
entirely ignored, and the lists at the conclusion of this paper have 
at least the melancholy interest that they include terms which 
should never again be applied to any fossil or living plants. 


Osmundaceous Stems. 


There are two fossil plants of which our knowledge is on 
altogether a different plane to that of any other plants from 
New Zealand. These are the two Osmundaceous Fern-stems, 
obtained from the Jurassic rocks near Gore, Otago District, 
Osmundites Gibbiana, K. and G. V., and O. Dunlopt, K. and G. V., 
so named in honour of their discoverers, Mr Robert Gibb, and 
Mr R. Dunlop respectively. These are the only petrified plant 
remains, with the exception of certain post-Jurassic woods, 
so far known from New Zealand. They have recently been fully 
described by Dr Kidston and Prof. Gwynne-Vaughan* conjointly. 


* Kidston and Gwynne-Vaughan, Trans. Roy. Soc. Edinb. Vol. xuv. Pt. 11. 
p- 759, 1907. 
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Unger Records (1864). 


_ The earliest descriptions and figures of Mesozoic plants from 
New Zealand are those given by Unger in the “ Paldontologie 
von Neu-Seeland” by Hochstetter and others (Novara-Expedition, 


i 


Geol. Theil, 1 Band, 2 Abtheil., 1864). They are few in number. 
The present whereabouts of these specimens is unknown to me, 
and I have consequently not been able to examine them. 
- Polypodium hochstetteri, Unger (Plate II). This plant is no 
doubt a Cladophlebis, allied to C. australis (Morr.). The chief 
difference between the Australian and New Zealand species appears 
‘to be that the lateral nerves in the former case fork twice, as a 
‘tule, whereas, in the New Zealand plant, they are shown as only 
occasionally forking a second time. As is well known, the species 
‘of this genus are exceedingly difficult to discriminate, and in the 
‘absence of any personal knowledge of Unger’s type, I am, for the 
present at least, inclined to include the New Zealand plant in the 
older species C. australis (Morr.). In the similar British plant, 
C. denticulata (Brongn.) the lateral nerves appear as a rule to fork 
only once. For the present I am inclined to regard C. denticulata 
(Brongn.) and C. australis (Morris) as distinct species. Unger’s 
plant was obtained from the Kalkmergelbi&nken (Calcareous marls) 
of the West Coast of the province of Auckland, south of the 
estuary of the Waikato river. : 
 Asplenvum paleopteris Unger (Plate I, figs. 4—8). This plant 
appears to be a Sphenopteris, and, were the fructification known, 
one would rather expect that it would be referred to the genus 
Coniopteris. It appears to be a distinct species, though it bears 
‘some slight resemblance to the Jurassic frond Sphenopteris Mur- 
rayana (Brongn.). On the other hand Professor Seward* regards 
‘it as identical with the Wealden frond, Sphenopteris Fittonc, 
Seward. Whatever the correct genus may be, Unger’s specific 
name can hardly stand, for it had been previously used by Geinitz 
im 1855 as a generic term, and I am quite in agreement with the 
rule that the same term should not be used both as a generic and 
specific name. 
' I do not, however, propose to invent a new specific name for 
this plant at present, for I have yet some hopes of rediscovering 
Unger’s types. I will, therefore, simply term it Sphenopteris sp. 
It was obtained from coal-bearing beds on the West Coast of the 
province of Auckland, between the estuary of Waikato and the 
harbour of Whaingaroa. 

Unger also figures three obscure specimens from the coal- 
bearing beds of Pakawau in Massacre Bay, in the province of 


* Seward, The Wealden Flora, Part 1. p. xxxili (Brit. Mus. Cat.), 1894. 
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Nelson. Those described as Phénicites ? sp. and Equisetites 2 sp. 
are too imperfect even for generic determination. That figured | 


as Neuropteris sp. is possibly a fragment of a frond of Clado-' 
phlebis, — . | 


Hector’s Records (1870—1886). 


The late Sir James Hector apparently made more than one 
attempt at an account of the fossil floras of New Zealand, but, | 
for some reason or other, they all ended, with one exception, | 
in long lists of nomina nuda. His “Catalogue of the Colonial | 
Museum, Wellington,” 1870, his Progress Report for 1878 (New | 
Zealand Geological Survey, p. viii), his paper in the Trans. and 
Proc. New Zealand Inst. (Vol. x1. p. 536), 1879, and his Appendix | 
to the Official Catalogue of the New Zealand Court, International | 
Exhibition, Sydney, 1879 (being the first edition of his Handbook | 
of New Zealand), all contain long lists, for the most part of new | 
specific names, but without any figures or descriptions. ‘The last | 
but one of these papers was meant to serve as a “ prodromus of | 
a work on the Fossil Flora of New Zealand containing descriptions | 
and figures of about one hundred species.” This work however | 
never appeared *. , 

In the “Detailed Catalogue and Guide to the Geological | 
Exhibits of the New Zealand Court of the Indian and Colonial | 
Exhibition” (London) of 1886, Hector figures (pp. 65—66, figs. 
30 and 30 A) a number of plants without descriptions, in addition | 
to another long list (pp. 31—32) of nomina nuda. 

Despite the lack of descriptions and the rough nature of the. 
figures, I am inclined to accept most of the specimens figured as | 
types duly published, and as species to be reckoned with, though | 
as I shall show here the majority of the names are synonyms of | 
plants previously described. I have seen most of these types, and _ 
I now include a brief revision of this flora here. | 

The first eight specimens were derived from the Clent Hills. 
(Ashburton County) in the province of Canterbury. | 

Asplemites rhomboides. Fig. 30 (1) of Hector’s Catalogue is an | 
inaccurate drawing of a very small fragment of a Thinnfeldia, | 
somewhat recalling Thinnfeldia argentinica (Gein.) from Argentina. _ 
For the present it may be referred to as Thinnfeldia sp. Hector’s | 
specific name cannot stand in relation to Thinnfeldia, since it 
approaches too closely Httingshausen’s 7. rhomboidalis. , 


* There are in existence, however, in New Zealand a large number of copies of — 
lithographed plates, many of which contain figures of fossil plants, and these no 
doubt represent the beginnings of this work. No scientific names appear on the — 
plates and further none of them were ever published, and thus it is quite impossible _ 
to regard these figures as having any scientific status as regards priority of nomen- 
clature. 
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_ Pecopteris acuta. Fig. 30 (2) of Hector’s Catalogue is a small 
fragment of a frond of Cladophlebis, far too incomplete to merit 
specific distinction, and is thus best termed Cladophlebis sp. The 
‘specific name ‘acuta’ could not stand in any case, as the term 
Pecopteris acuta had been used long previously by Brongniart for 
another plant. 

Pecopteris linearis. Fig. 30 (3) of the same work is a reduced 
and very inaccurate drawing of a frond probably identical with 
Cladophlebis australis (Morris). 

Vertebraria nove-zealandiew. Fig. 30 (4) is a restored sketch 
of a very obscure specimen which it is quite impossible to determine 
even generically. It certainly has nothing whatever in common 
with Vertebraria, and this name must in future be excluded from 
lists of the fossil plants of New Zealand. 

Tamtes maitar. Fig. 30 (5) is founded on a very small fragment 
of Coniferous branch, probably identical with Palissya conferta 
(Old. and Morr.) first figured in 1862. 

Pecopteris ovata. Fig. 30 (6) is again a small fragment of a 
frond of Cladophlebis, and, although I have not seen the original 
specimen, I have no doubt that it is best described as C. sp. This 
name P. ovata was also used long previously for a quite different 
plant by Brongniart. 

Pecopteris obtusata. Fig. 30 A (1) appears to represent a distinct 
species of Cladophlebis, which will have to be renamed later on. 
Hector’s name P. obtusata had already been occupied by a quite 
different plant, described by Presl in 1833. 

_Camptopteris incisa. Fig. 30 A (8) almost certainly represents 
a small portion of the frond of Dictyophyllum acutilobum 
(Braun). 

Next, we have six specimens from the Mataura Falls, in the 
province of Southland. 

Macrotemopteris lata. Fig. 30 A (4) of Hector’s Catalogue is 
undoubtedly Twmiopterts crassinervis (Feistm.) first described from 
the Rajmahal Group of India in 1877. It is certainly not 
Temopteris lata (Old. and Morr.). 

Lomarites pectenata. Fig. 30 A (5) represents a species of 
Gleichenites, allied to, but perhaps specifically distinct from, the 
Indian Gleichenites gleichenoides (Old. and Morr.) and may for 
the present be regarded as a distinct species Gleichenites pectinata 
(Hector). 

Taxites manawao. Fig. 30 A (6) represents a plant which 
appears to be undoubtedly Pagiophyllum peregrinum (L. and H.), 
well known in the earlier Mesozoic rocks of England and the 
Continent. 

Pierophyllum matauriensis. Fig. 30 A (7) appears to me to 
be a distinct species, though somewhat similar to some of the 
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Pterophyllums of the Jurassic rocks of the Rajmahal Hills of 


India, This species may thus stand for the present. 
Sphenopteris asplenoides. Fig. 30 A (8) represents a small 
fragment of a Sphenopteris frond, the original of which I haye 


“a 


; : 


| 
| 


not seen. The specific name cannot in any case be retained, for 
it had been previously applied to another plant by Sternberg, as 


far back as 1826. 


Tastes kahikatea. Fig. 30 A (11) represents a small fragment — 
of a Coniferous branch, the type of which appears to have been — 
lost. Judging by the figure, it would appear to be impossible to 
refer this plant with certainty to any genus, and thus I should, for 
the present at any rate, be inclined to omit this determination — 


from any list of New Zealand fossils. 
Lastly we have three species from Waikawa. 


Tastes manawao. Fig. 30 A (2) represents a specimen which — 


I have not seen, but which I imagine is probably identical with 
Palissya tenwifolia (McCoy) first described from New South Wales 
in 1847. This name (see above) was applied to two quite distinct 
plants by Hector in this Catalogue. | 

Pecopteris grandis. Fig. 30 A (3), the original of which I 
have not seen, no doubt represents a portion of a frond of 
Cladophlebis australis (Morr.). 

Asplenites paleopteris, Unger. Fig. 30 A (10), which again 
I have not seen the original of, is a fragment of a Sphenopteris, 
which bears a considerable resemblance to fig. 6, Plate I of Unger’s 


memoir, and is very possibly correctly referred to Unger’s species — 


by Hector. Unger’s plant has been already discussed on p. 125. 

We see therefore that even if we are inclined to accept 15 of 
the 16 plants, first figured but not described by Hector in 1886, 
as published types, six of them had been previously recorded from 
other regions, and at the most only six others are likely to stand 
as first records. 


Ettingshausen’s Records (1887). 


In 1887 Ettingshausen* discussed the floras of five localities, 
Mount Potts, the Malvern Hills, Haast Gully (Clent Hills), 
Mataura and Waikawa, and included long lists consisting for the 
most part of new species. All these are however nomina nuda, 
and as regards the pre-Cretaceous floras this paper is best 
neglected. Some of these names had been previously published 
in the preceding year in a paper by Haastt. 


* Vide ante. P ‘ 
+ Haast, Trans. and Proc. New Zeal. Inst. Vol. x1x. for 1886, p. 449, 1887. 
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Crié’s Records (1888). 


In 1888 Crié* published a short note on a comparison of the 
earlier Mesozoic floras of New Zealand, Australia and India. He 
also instituted a considerable number of new names, all of which 
are nomina nuda. 


- Since 1888, no further contributions to this subject have 
been made, so far as I am aware, with the exception of the recent 
work of Kidston and Gwynne-Vaughan already mentioned (p. 124). 

The following list sums up our present knowledge of the 
pre-Cretaceous floras of New Zealand, and includes only ten 
species, with the addition of three or four other types for which 
new specific names must be found. I hope before very long to 
publish a full account, with figures, of these plants, and of other 
specimens from the same localities. 


A List of the Valid Species (known in 1912) from the Pre-Cretaceous 
rocks of New Zealand. 


Cladophlebis australis (Morris). 
Dictyophyllum acutilobum (Braun). 
Gleichenites pectinata (Hector). 
Osmundites Dunlopi K. and G. V. 
Osmundites Gibbiana K. and G. V. 
Palissya conferta (Old. and Morr.). 
Palissya tenurfolia (McCoy). 
Pagiophyllum peregrinum (lL. and H.). 
Pterophyllum matawriensis Hector. 
Teniopteris crassinervis (Feist. ). 


_ The occurrence of new species of the genera Thinnfeldia, 
Cladophlebis, and Sphenopteris has been also noted. 

In conclusion, I add lists of names applied to figured 
specimens of New Zealand fossil plants, which are synonyms 
ete, and also a list of nomina nuda. 


A list of names applied to figured specimens of Pre-Cretaceous 
‘plants from New Zealand, which are rejected as being either synonyms 
or names previously occupied or names founded on imperfect materials. 


| Asplenites paleopteris Hector. 
Asplenites rhomboides Hector. 
Asplenium paleopteris Unger. 
Camptopteris incisa Hector. 

| Pecopteris acuta Hector. 

| Pecopteris grandis Hector. 

| _ Pecopteris hochstettert Hector. 
Pecopteris linearis Hector. 
Pecopteris obtusata Hector. 


* Crié, Compt. Rend. Vol. cv. p. 1014, 1888, 
VOL, XVII. PT. I. ) 


Pecopteris ovata Hector. 4 
Polypodium hochstetterr Unger. 

Sphenopteris asplenoides Hector. 

Taxites kahikatea Hector. 

Taxites maitar Hector. | 
Taaites manawao Hector. 4 
Vertebraria nove-zealandie Hector. i 
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A List of Nomina Nuda applied to Pre-Cretaceous Fossil Plants 
from New Zealand, with an indication of the place of publication of | 
the earliest references to the names. 


* First mentioned in Hector, Cat. Colonial Mus. Wellington, , 
1870, pp. 199—201. 

+ First mentioned in Hector, Rep. Geol. Explorations (187778) 
Geol. Surv. NV. Zeal. 1878, p. viii. | 

t First mentioned in Hector, Trans. and Proc. N. Zeal. Inst. | 
Vol. xi. p. 536, 1879. 

§ First mentioned in Hector, Official Cat. N. Zeal. Court, Intern, 
Exhib. Sydney, 1879, Appendix, pp. 48—49. | 

|| First mentioned in Hector’s Detail. Catal. N. Zeal. Court, Indian 
and Colon. Exhib. London, 1886, pp. 31—32. | 

{| First mentioned by Ettingshausen in Haast, 7’rans. and Proc. 
N. Zeal. Inst. for 1886, p. 449, 1887. | 

** First mentioned in Ettingshausen, Denkschr. K. Akad. Wissen., 
Wien (Math.-Nat. Klasse), Vol. nu. p. 143, 1887. 

+t First mentioned in Crié, Compt. Rend. Vol. cvu. p. 1014, 1888. 


Alethopteris Hochstettert Hector {. 
Alethopteris insignis Hector t. 
Araucarioxylon australe Cri€é +7. 
Asplenites cuneata Hector§. 

Asplenites distans Hectors. 

Asplenites oblonga Hectors. 

Asplenium paleo-dura Ettingshausen |. | 
Asplenium Ungeri Ettingshausen 1. | 
Asterophyllites clenti Hector§. 

Baiera australis Ettingshausen**. 
Camptopteris haastic Eittingshausen**. 
Camptopteris nove-zealandie Hector j. 
Cyperites wiwi Hectors. | 
Dictyophyllum huttonianum Cri€é tt. | 
Equisetum microdon Ettingshausen**. | 
Gleichenia waitia Hector||. 

Glossopteris haastiz Hector§. 

Hymenophyllites australis Ettingshausen**. 
Lycopodites paleo-selaginella Ettingshausen**. 
Macroteniopteris afinis Ettingshausen**, 
Macroteniopteris zeelandica Crie tt. 
Neuropteris stracta Hector t. 

Nilssonia zeelandica Ettingshausen**, 
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Noeggerathia valida Hector||. 
Oleandridum distans Hector. 
Oleandridum huttoni Hector t. 
Oleandridum matauriense Hectors. 
Oleandridum obtusatum Hector$§. 
Oleandridum stipulatum Hector§. 
Oleandridum teniopteroide HectorS. 
Oleandridum vittatum Hector tr. 
Paleozannia mataurensis Hector t. 
Palissya australis Crié tf. 

Palissya podocarpioides Kttingshausen 4]. 
Pecopteris distans Hector*. 

Pecopteris gracilis Hector* 

Pecopteris grandis Hector*. 

Pecopteris haastw Hector§s. 

Pecopteris ligulatus Hector*. 

Pecopteris obliqua Hector§. 

Pecopteris oblongis Hector§. 

Pecopteris proxima Ettingshausen**, 
Pecopteris serratus Hector*. 

Pecopteris stricta Hector§. 

Pisoniaphyilites nove-zealandie Hector$. 
Podozamites malvernicus Ettingshausen**. 
Protocladus lingua Ettingshausen**. 
Psaronius mataurensis Crié tt. 
Pterophyllum dieffenbachi, Ettingshausen **. 
Pterophyllum grandis Hector||. 
Sphenopteris amissa Ettingshausen**, 
Sphenopteris clentiana Ettingshausen**. 
Sphenopteris lomaroides Hector§. 
Temopteris gramineus Hector. 
Teniopteris Huttoni Hector||. 

Teniopteris linearis Hector *, 

Temopteris lomariopsis Ettingshausen**, 
Temiopteris matauriensis Hector|]. 
Teniopteris pseudo-simplex Ettingshausen**. 
Teniopteris pseudo-vittata EKttingshausen {]. 
Teenropteris obtusatus Hector*. 
Teniopteris robustus Hector*. 

Tenropteris tetranervis Hector||. 

Taxites manoao Hector 
Taxites miro Hectors. 


- Taaites totara Hectors. 


Taxites totaranur Hector}. 

Thinnfeldia australis Ettingshausen**. 
Tympanophora paradoxus Hector 
Zamites Etheridge: Crié tt. 
Zamites mataurensis Ettingshausen**. 
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The Mineral Composition of some Cambridgeshire Sands and 
Gravels. By R. H. Rasrauu, M.A., Christ’s College. 3 


[Read 25 November 1912.] 


Ir has been recognized of late years that a detailed and 
careful study of the mineral composition of sands and gravels 
often yields valuable information as to the sources from which ) 
the material was derived and frequently throws much light on: 
the geographical and other conditions prevailing at the time of 
deposition *. j 

Some time ago I had occasion to apply this method of 
research to the Lower Greensand of Bedfordshire, Cambridge- 
shire and Norfolk. The results of this investigation have not 
yet been published, but they were of some interest, and it occurred | 
to me that it might be useful to compare with them the mineral | 
composition of some of the Pleistocene and Recent deposits of the 
same district, in order to see whether it was possible to trace the” 
derivation of material from the Lower Greensand as well as from ) 
far-travelled glacial deposits. 

A careful examination of numerous specimens of the so-called | 
Neocomian sands showed that all possessed certain peculiar 
features in common; of these features the most important for 
the present purpose are the abundance of kyanite, staurolite and 
tourmaline, and the complete or almost complete absence of! 
garnet, amphiboles and pyroxenes. This is not the place to) 
discuss the source from which these materials were derived: 
it must suffice here to say that they were certainly not of local 
origin, but must have come from some distant land-area not now 
exposed at the surface. The presence of tourmaline is not of: 
much significance, since this mineral is very stable and resistant, | 
and is common in nearly all sandy sediments, being often passed” 
on with little change from one formation to another. But the 
freshness and angularity of the chips and crystals of kyanite and 
staurolite in the Neocomian sands suggest that they were then 
recently separated from the parent rock, and not derived from— 
some older sediment. ; 


* Thomas, ‘The Petrography of the New Red Sandstone of the West of 
England,’ Quart. Journ. Geol. Soc. Vol. xv. 1909, pp. 229—245. j 
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The Collection and Preparation of the Material. 


The specimens on which the present paper is founded were 
collected from deposits of several different ages, as follows”: 


Surface Deposits. 

The Gravels of the Present River System. 
The Gravels of the Ancient River System. 
The Plateau Gravels. 


Most of the samples were collected by myself, but for some 
‘specimens of blown sands and other surface deposits from the 
‘Breckland I am indebted to Dr Marr. Whenever possible a 
fairly large quantity of the sand was collected from different 
‘points in the same bed so as to obtain a really representative 
sample. After drying, the material was passed through a sieve, 
to remove large stones, and the finer portion reserved for chemical 
and mineralogical investigation. 

The samples were first washed by shaking with water to 
remove the fine muddy material; after several repetitions of this 
‘process the sand was well boiled with water, and then dried. 
In this state it was then usually ready for éxamination with a 
pocket-lens. Very commonly, however, many of the grains were 
still covered with a pellicle of calcium carbonate or iron oxide, 
and further treatment was required to render the constituents 
visible. 


Methods of Investigation. 


In order to get rid of the calcium carbonate, most of which 
was in the form of minute particles of Chalk, the samples were 
then treated with dilute hydrochloric acid. When the effervescence 
had subsided the washing and drying were repeated and notes 
were then made on the general appearance of the samples. 

If the sand appeared to be highly ferruginous, it was then 
boiled for some time with fairly strong hydrochloric acid. This 
removed the iron oxides almost completely, and after again 
boiling with water, thorough washing and drying, the sand was 
ready for detailed examination. No doubt this treatment would 
also remove certain unstable minerals, if present, but from a 
comparison of samples, some of which had been treated with 
strong acid, and others not, it appears that the loss was not 
serious. Most of the important minerals which are likely to occur 
in sands are not affected by this treatment, and it is obvious that 


* Penning and Jukes-Brown, ‘The Geology of the Neighbourhood of Cam- 
bridge’ (Expl. quarter-sheet 51 S.W.), Mem. Geol. Surv. 1881, pp. 82—109. Marr 
and Shipley, ‘The Natural History of Cambridgeshire,’ Brit. Ass. Handbook, 1904, 
pp. 42—50. Rastall, ‘The Geology of Cambridgeshire, Bedfordshire and West 
Norfolk,’ Geol. Ass. Jubilee volume, 1909, pp. 173—177. 
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a mineral grain covered by an opaque skin of haematite or limonite~ 
cannot be identified, and is therefore useless, unless this skin is 
removed. It is necessary therefore to run the risk of coe 
some of the less stable minerals. 

The separation of the heavier constituents was effected by the 
heavy-liquid method, the particular liquid used being bromoform, 
which when pure has a density of about 2°93. This removes all 
the quartz and felspar and nearly all the glauconite. The density 
of this latter mineral, however, appears to be variable since some 
green grains occasionally sank in bromoform. According to the 
best authorities the density of glauconite is about 2°3 only. It is 
evident therefore that this point requires further investigation. 

It is unnecessary here to describe the precise form of apparatus — 
employed, which was of the most simple nature. A very little 
experience showed that any attempt at a quantitative determina- 
tion by the heavy-liquid method must be absolutely unreliable, 
owing to the impossibility of ensuring a complete separation. In 
some cases it was found necessary to treat the heavy residues again 
with acid in order to get rid of the pellicle of iron oxide which is 
such a persistent feature in these sands: in a few instances this 
was unnecessary. A part of each residue was then mounted in 
Canada Balsam in the usual way for microscopic examination, and 
the rest reserved for any other tests required. 


Detailed Description of the Sands. 


A large number of samples were examined by the above 
methods, but many of them were very much alike in their general 
characters, and it is unnecessary to describe them all. The following 
cases are therefore selected as typical examples of the sands and 
finer portions of the gravels of different ages. 


I. The Plateau Gravels. 


Pit on Golf-Links, summit of Gog-Magog Hills, 
200 ft. above O.D. 


The beds exposed in this pit consist partly of gravel and partly 
of a very fine-grained sand in thick beds, which often show marked — 
contortion. The larger constituents of the gravel comprise a great 
variety of far-travelled rocks, and from pits closely adjoining the 
present one, which were open a few years ago, a large number of 
interesting rock-types were recorded, including abundant igneous 
rocks, both Scotch and Scandinavian, Carboniferous Limestone and 
Millstone Grit, several varieties of Jurassic sediments, Carstone 
and Hunstanton Red Rock, together with shells of Gryphea bored 
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by Pholas or some other rock-borer. The presence of these and 
of the Cretaceous rocks of Norfolk type is of special significance, 
as indicating derivation of the material from the Wash district. 
Rounded pebbles of Chalk are abundant, but they are believed 
to be of Yorkshire type and the large grey tabular flints are much 
more like those of Lincolnshire than of any more southern 
locality *. 

The bed of sand, about 5 feet thick, which is now being 
worked for use on the golf-links, is of very fine texture, marly 
and rather tenacious, of a yellow-brown colour. It differs much 
in appearance from other sands of the district. It effervesces only 
feebly with dilute acid, but very large quantities of fine mud are 
removed by boiling with water and subsequent washing. Chips 
of white flint are common, but the most notable constituent seen 
on macroscopic examination is mica, both white and brown, together 
with glauconite. As will appear later, mica is almost completely 
absent from the other sands investigated. 

From a first separation, without preliminary treatment with 
acid, the heavy residue was very large, and mostly of a brown 
colour, owing to the presence of a coating of limonite. In this 
state identification of the grains was impossible, and the residue 
had to be digested with acid and again separated. 

On examining a microscope-slide of the ultimate residue the 
first feature to be noticed is the small average size of the grains, 
which are much less than those of the other gravels of the 
Cambridge district, and can only be compared in this respect 
with the blown sands from the neighbourhood of Brandon, to be 
afterwards described. 

The following is a list of the principal minerals identified : 
hornblende, augite, garnet, epidote, zircon, tourmaline, rutile, 
magnetite and other iron ores, and abundant flakes of muscovite. 
Kyanite and staurolite are notably rare. Hornblende is extra- 
ordinarily abundant, both the common green variety and greenish 
blue arfvedsonite. Tourmaline is also abundant and shows many 
shades of colour, brown, pink, blue and green: the grains are as 
usual very well rounded. In comparison with other local sands, 
pyroxenes, epidote and zoisite are common. 

The most striking features of this sand are the abundance 
of hornblende and muscovite, and the strange shapes of many 
of the grains, which can best be described as sharply angular 
chips. It is evident that in the case of most of the constituents 
there has been little rolling, either by water or wind action; only 
the grains derived from some older formation, such as tourmaline 
and kyanite, are conspicuously rounded. The significance of the 


* Rastall and Romanes, ‘The Boulders of the Cambridge Drift,’ Quart. Jour. 
Geol. Soc. Vol. txv. 1909, p, 254. 
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presence of much muscovite in this sand, and its absence in other — 
localities, will be discussed in the concluding section. It is at any 
rate clear that this high-level deposit differs greatly from the 
low-level sands next to be described. 


II. Sands and Gravels of the Ancient River System. 


(a) Pit on Newmarket Road, half a mile beyond Barnwell 
Junction, 46 ft. above O.D. 


In this pit, which is now being worked for gravel, are seen 
seams of very white sand, interbedded with fine flint gravel. 
On examination with a pocket-lens, the sand is seen to be very 
rich in minute fragments of Chalk, flint chips and grains of 
glauconite. It also contains many small white prismatic objects, 
which, as Dr Bonney suggests, are probably prisms from the 
disintegrated shells of Inoceramus, together with minute spines 
of Echinoids. 

After washing, the sand effervesced very strongly with dilute 
acid, and a second washing removed a large amount of muddy 
material; hence the grains are evidently partly cemented by 
calcareous matter. 

In the first separation in bromoform, many brown grains 
came down: the majority of these proved to be grains of light 
minerals with a coating of iron oxide (limonite). After prolonged 
treatment with acid this coating was removed, and many opaque 
grains were left, of various colours, white, pink, green and brown. 
These grains were easily separated from the true heavy residue 
by shaking with water in a dish. They are very well rounded 
and uniform in size, and certainly come from the Lower Greensand. 

In the heavy residue the most abundant mineral is garnet, 
either colourless, pink or brownish red, for the most part in very 
angular chips of varying size. Green hornblende is also common, 
while blue-green arfvedsonite and pale green augite also occur. 
Other minerals noted are tourmaline, kyanite, staurolite, epidote, 
zircon and rutile, besides opaque iron ores. 


(b) Pit behind the Travellers’ Rest Inn, Huntingdon Road, 
1 mile from Cambridge, 83 ft. above O.D. 


This large pit is opened in gravel of very variable coarseness, 
with abundant seams of brownish sand. This gravel is notable 
in that it yields an unusual number of large boulders, up to 
one foot in diameter: the great majority of these are of sandstone, 
probably Carboniferous, but other rocks are fairly common. From 
this locality a large number of far-travelled erratics have been 
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recorded, including scratched blocks of Carboniferous limestone, 
Millstone Grit, basalt, pink granite and rhomb-porphyry™*. 

The sand is fairly clean, of a light brown colour, and 
effervescing very freely with acid. In this case a double 
separation was found necessary, and the light residue from the 
second separation was found to consist largely of glauconite, 
which had been coated with iron oxide. 

Among the heavy minerals of this specimen, the following 
were identified: pink garnet, tourmaline, both brown and blue, 
staurolite, kyanite, epidote, hornblende, augite and hypersthene, 
together with black grains which are presumably magnetite. 
Zircon is very rare. The most notable features are the extreme 
angularity of most of the garnets, and the comparatively large 
size of the heavy mineral grains. 


(c) Furze Hill, Hildersham, 200 ft. above O.D. 


This specimen was obtained from the actual bed in which a 
Palzolithic implement was found in situ by Dr Marrf. It is a 
yellowish brown rather coarse sand with many small flints. After 
cleaning in the usual way the sample was found to consist chiefly 
of grains of clean white quartz, many of which are notably rounded. 
Coloured minerals are not abundant, consisting chiefly of grains of 
iron oxide. After separating in bromoform the heavy residue was 
examined microscopically, and was found to contain rounded grains 
of iron oxide together with brown and blue tourmaline; staurolite, 
zircon, rutile, garnet, and a very little kyanite. Most of the heavy 
grains are very much rounded, and they show much variation in 
size. 

This sand is very unlike the specimen collected at about the 
same level on the Gog-Magog Golf-Links, and has evidently been 
laid down in rapidly moving water, with much more rolling of 
the grains. This fact helps to confirm the idea put forward by 
Dr Marr+, that these gravels and sands belong to the ancient 
river-system rather than to the plateau gravels. 


III. Gravels of the River Cam. 
Highest or Barnwell Terrace. 


(a) Gravel Pit close to L. and N. W. Railway bridge between 
Trumpington and Shelford, 60 ft. above O.D. 


This pit shows chiefly a moderately fine flint gravel of the 
usual type, with occasional seams of sand. From the most 

* Rastall and Romanes, ‘The Boulders of the Cambridge Drift,’ Quart. Jour. 
Geol. Soc. Vol. uxv. 1909, p. 254. 


+ Marr, ‘On a Paleolithic Implement found in situ in the Cambridgeshire 
Gravels,’ Geol. Mag. 1909, pp. 534—537. 
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important of the latter the sample was collected. In the heavy 


residue the dominant mineral is pink garnet, and opaque grains 
of magnetite and other iron ores are also abundant. The grains 
are very variable in size, many of them, especially the garnet, 
being rather large. 

The following is a list of the minerals identified: garnet, 
tourmaline, staurolite, kyanite, hornblende, augite, hypersthene, 
zircon, rutile, epidote and magnetite. 

Garnet, both pink and colourless, is very abundant; some 
grains are rounded, most are subangular, while a few are very 
sharply angular. The grains of brown and pink tourmaline are 
generally very well rounded and appear to be derived, while the 
staurolite and kyanite grains exactly resemble those of the Lower 
Greensand, being almost certainly derived from that formation. 


(b) Swan's Gravel Pit, Milton Road, 45 ft. above O.D. 


This well-known pit, which is situated near the first milestone 
on the Cambridge and Ely road, is excavated chiefly in rather fine 
flinty gravel which contains a good many far-travelled rocks. The 
specimen was collected from a thick seam of rather ferruginous 
sand which forms the north-western corner of the pit. After 
cleaning in the usual way it was found to contain abundant dark 
grains together with glauconite. The proportion of grains sinking 
in bromoform was unusually large and most of them were so thickly 
coated with iron oxide as to require prolonged treatment with acid. 
It is noticeable in this and other cases that the iron oxide is often 
regularly deposited in concentric coats round some mineral nucleus, 
and when these shells are only partially destroyed a regular oolitic 
structure giving a black cross in polarised light can often be seen. 

The final residue consisted of abundant rather large grains, 
most of which were fairly well rounded, sharply angular crystals, 
other than garnet, being uncommon. The list of minerals re- 
cognised is as follows: garnet, tourmaline, kyanite, staurolite, 
epidote, hornblende, augite, hypersthene, rutile and zircon: 
possibly also brookite and anatase. The garnets vary much in 
colour, being most commonly pink or brownish pink, sometimes 
colourless. The tourmaline grains are very round, and include 
brown, pink and blue varieties. There are many rounded grains 
of yellow-green epidote, which in everything but colour have 
a strong resemblance to monazite. 

This sample is specially notable for the large size and rounded 
form of the kyanite grains. Generally speaking, the grains of 
heavy minerals are conspicuously more rounded than those of the 
sands previously described. 


J 
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Second or Chesterton Terrace. 
Pit near Pike and Eel, Chesterton, 24 ft. above O.D. 


This pit is opened up in fine flint gravel with seams of rather 
coarse sand and in it have been found a good many far-travelled 
rocks, including rhomb-porphyry. To the naked eye the sand 
when dry is white and chalky in appearance. It shows many 
grains of Chalk and flint together with glauconite, fragments of 
the thin shells of fresh-water mollusca, prisms of Inoceramus and 
Kchinoid spines. With dilute hydrochloric acid it effervesces 
strongly, and in the cleaned sample dark grains are fairly 
abundant. j 

The sand yields an abundant heavy residue in which nearly 
all the grains are covered with brown limonite. After treatment 
with strong acid many of these are found to be glauconite or a 
pale brown isotropic material of uncertain character, perhaps 
consisting of colloid silica. The principal minerals identified are 
garnet, hornblende, rutile, zircon, kyanite, staurolite and tour- 
maline. The garnets are mostly subangular and rounded, only 
a few being angular. The grains of tourmaline, which are chiefly 
brown, are well rounded. The minerals in general do not present 
any special features of interest: they are on the whole more 
rounded than in the older gravels. 


IV. Gravéls of the Great Ouse Basin. 


Gravel Pit half a mile S.E. of Fenstanton, 36 ft. above O.D. 


This pit is situated on the north side of the Cambridge and 
Huntingdon road, close to the county boundary. It shows a 
ferruginous gravel of the usual type, with brown ‘pipes’ and 
seams of sand. 

The sand is brown in colour, with very little muddy matter. 
Tt was treated at once with dilute acid, giving only slight 
effervescence, and yielding a remarkably white sample consisting 
of clean bright colourless quartz and rounded grains of white 
flint with much glauconite. In the heavy residue pink garnet 
and bright grains of magnetite were conspicuous before mounting, 
while a few grains of glauconite sank in the bromoform. 

The heavy grains are of unusually large size and garnet is 
predominant, being often extremely angular in shape; other 
transparent minerals are present only in small quantity. The 
minerals recognized are as follows: garnet, generally very angular, 
tourmaline, kyanite in fine large crystals, staurolite, hornblende, 
epidote and rutile; zircon is rare. 
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The exact stratigraphical position of this gravel is uncertain : 
it is situated near the margin of a low plateau, which slopes down 
somewhat suddenly within a short distance to the alluvial flats 
of the Great Ouse. In general appearance it strongly resembles 
the gravels of the Cam, and it is included here for the sake of 
comparison. 


V. Surface Deposits. 
Blown Sand, Lakenheath Warren. 


This specimen, which was collected by Dr Marr as an example 
of the superficial wind-transported deposits of the Brandon district, 
consists of a very clean sand, remarkably free from muddy material, 
but containing a good deal of black fibrous vegetable matter. The 
effervescence with acid was very slight and the sample required 
very little preparation. It gave a fairly large dark residue in 
bromoform, and as most of this was obviously ferruginous it was 
at once treated with acid and allowed to stand for some time, 
washed and re-separated. The final product was small in amount 
and the constituent grains were of very small size as compared 
with those of the sands presumably laid down in water. The only 
mineral occurring in fairly large grains is garnet, which is also 
rather angular; all the other constituents are very round (except 
staurolite, which appears to remain angular under all circum- 
stances). 

The minerals identified are garnet, tourmaline (sometimes 
blue), kyanite, staurolite, hornblende, augite, hypersthene, epidote 
and rutile. Zircon is much more abundant than m any other 
specimen here described. 


Surface Deposit, Fowlmere, near Thetford. 


This is a sandy deposit, of a curious grey colour when fresh ; 
the peculiar colour is probably due to the absence of the usual 
iron oxide. When washed and treated with dilute acid it is 
found to consist principally of clean white quartz sand, with a 
few reddish grains. 

The minerals of the heavy residue are much as usual, namely, 
magnetite, garnet, tourmaline, hornblende, augite, epidote, zoisite, 
kyanite, staurolite and zircon. The staurolite is as usual angular, 
but the other minerals are well rounded, and this is specially 
notable in the garnet, which shows signs of more attrition than 
in any other sample examined. This may safely be attributed 
to wind action. 

The particles show a wide variation in size, but the majority 
are small. | 


| 
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GENERAL CONCLUSIONS. 


The most abundant constituent in all the sands here examined 
is, as might be expected, quartz. This is normally perfectly clear 
and colourless, but sometimes shows a reddish tinge. Next in 
abundance is flint, in white opaque grains, often well rounded. 
In many samples Chalk is abundant, while prisms of Inoceramus 
and Echinoid spines derived from the Chalk are often common. 
Glauconite is generally present, although not conspicuous till the 
sands are cleaned, since the grains of this mineral are frequently 
covered by a skin of iron oxide, which must be removed by acid 
before they become readily visible. The heavy residues, of a 
density higher than 295, include a large proportion of opaque 
grains of magnetite and other oxides of iron. Among the trans- 
parent constituents of the heavy residues the following are generally 
present: garnet, tourmaline, kyanite, staurolite, hornblende, augite, 
hypersthene, epidote, zoisite, zircon, rutile. Of these the most 
abundant is, in most cases, garnet, which occurs in angular, sub- 
angular and rounded fragments often of considerable size; tour- 
maline varies much in colour, and blue varieties are common ; 
other colours noted are brown, pink and green. Staurolite is 
common, always in angular fragments, while the numerous 
crystals of kyanite are notably more angular in the older gravels. 
Hornblende is locally very abundant and includes the blue variety 
(arfvedsonite) which is so characteristic of Norwegian soda-rocks. 
Zircon is much less common than in most sands, e.g. the Bagshot 
Sands described by Dick. 

The minerals of these sands may be divided into two groups, 
as follows: 

A. Glauconite, tourmaline, kyanite and staurolite: these are 
almost certainly derived from the Neocomian. As is well known, 
staurolite nearly always remains angular, but the tourmaline and 
kyanite are somewhat more rounded than in that formation. The 
tourmaline especially occurs in extraordinarily well-rounded forms. 
The blue variety, which is common, is almost certainly derived, 
vid the Lower Greensand, from the ancient Armorican land to 
the south-west. Kyanite is a very common and characteristic 
‘mineral both in the Carstone and in the Sandringham Sands, and 
staurolite is also present in both of these. The abundance of 
glauconite in the Neocomian hardly needs mention. 

B. Garnet, hornblende, augite, hypersthene, epidote: these 
minerals are almost unknown in the Neocomian, and have 
certainly been derived at first hand from the disintegration of 
far-travelled rocks of Scotch and Scandinavian origin during the 
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glacial period. They are much more angular than the first group, 
especially in the older sands, and show little evidence of derivation 
from pre-existing sandy deposits: in particular the angularity 


= 2 toll fil 


of the chips of garnet is often very marked, and to use a simple — 


word they look very new, having undergone little rolling or 
attrition: well-rounded garnets are very rare, except in the 
superficial and wind-borne deposits of the Breckland. 

The most striking feature of the sands here examined is the 


almost complete absence of muscovite, this mineral being one of : 


the commonest constituents of sands of all ages, with a noteworthy 


exception in the case of deposits of one class. It is stated by — 
Retgers* and Thoulet+ that mica and other minerals with very ~ 


perfect cleavage are almost completely absent from wind-blown 
sands, and this observation may have some significance in this 
ease. The only deposit here described containing muscovite is 
the high-level or plateau gravel on the summit of the Gog-Magog 
Hills. This is undoubtedly much older than the gravels and 
sands of the Cam system, and it is generally regarded as being 
of glacial age. The great abundance and variety of far-travelled 
erratics in it certainly lend support to this conclusion, and the 
sand itself is of a very different character to the river and surface 
deposits seen at lower levels. 

On the retreat of the ice the whole country must have been 
covered by vast spreads of sand and gravel, the relics of which 
are still to be seen in the Breckland of western Suffolk and 
south-west Norfolk. It is generally believed that the Glacial 
period on the continent was succeeded by a time of warm and 
dry climate, the Steppe period, and somewhat similar conditions 
must have prevailed in England. It is possible that during this 
time the sands were to a certain extent worked over by the wind, 
removing the muscovite and other light and flaky minerals. The 
chief difficulty in the way of this view is the extreme angularity 
of the garnets and some other minerals in the earlier river- 
oravels. 

The general conclusions arrived at from a study of the mineral 
composition of the sands here examined may be stated as follows: 
the materials have been derived from two sources, partly from the 
Neocomian sands of Cambridgeshire and the neighbourhood of the 
Wash, and partly from far distant sources by ice-transit; that is, 
from the solid matter transported on and in the ice from Norway, 
Scotland and the north of England. The mineral grains obtained 
from the former source are almost exactly like those characteristic 


* Retgers, ‘Uber die chemische und mineralogische Zusammensetzung der 
Diinensande Hollands,’ Neues Jahrb. fiir Min. 1895, p. 22. 

+ Thoulet, ‘Ktude minéralogique d’un sable du Sahara,’ Bull. Soc. Min. France, 
Vol. iv. 1881, p. 262. 


some Cambridgeshire Sands and Gravels. 143 


: of the Neocomian sands of Norfolk, the Carstone and the Sand- 
ringham sands, only differing from them in their slightly more 


rounded form. The far-travelled grains on the other hand are 
largely such as might be obtained from igneous and metamorphic 
rocks, then undergoing disintegration for the first time: they are 
angular in the earlier deposits, subangular in the later, and only 
in the obviously wind-borne surface deposits are all alike reduced 
to a small size and a fairly uniform degree of roundness. Thus 
during the deposition of the Cam gravels water action was pre- 


dominant; at a later time wind asserted its power as the principal 


agent of distribution of the latest superficial accumulations of the 
drier parts of East Anglia. 
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Note on the Rontgen radiation from cathode particles tra- — 


versing a gas. By R. Wurppineron, M.A., St John’s College. 
[Head 11 November 1912.] 


IT is now a commonplace that Rontgen rays are emitted from 


a target struck by cathode particles, and very many researches 
have been carried out with the object of determining how the 
nature of the target and the velocity of the incident particles 
determine the quantity and the quality of the emitted Rontgen 
rays. The experiments shortly to be described bring forward 
evidence to show that when very slow cathode particles traverse 
a gas at low pressure, Roéntgen rays are emitted all along their 
ath*. 

: The form of apparatus used is indicated in the figure. <A hot 
lime cathode L projects a fine beam of cathode particles down the 
axis of the evacuated glass tube 7, the anode being a spiral of 
aluminium wire A. An insulated aluminium plate P is enclosed 
in an earthed brass tube Z, provided with a small opening at W. 
This opening is closed by a thin blown-glass window, so thin as to 
show interference colours of a low order. P is connected to the 
leaf of a Wilson tilted electroscope. The arrangement of taps 
shown in the diagram enables connection between 7’ and # to be 
severed after a moderate vacuum has been produced so that a 
slightly higher vacuum may prevail in # than im 7. This is 
desirable since we wish to observe the potential to which P will 
rise, and it is necessary under such circumstances to eliminate any 
gas leak due to ionisation. 

In the earlier experiments it was found that when the 
cathode stream from JL was passing down the tube there was 
an enormously rapid deflection of the gold leaf in such a direc- 
tion as to show that the plate P was charging up positively. 
This effect was finally traced to defects in the window W, small 
cracks being present which apparently allowed a diversion of the 
main current into the brass cylinder, P functioning as a subsidiary 
anode and becoming positively charged. When the window, how- 
ever, was apparently perfect there was still an. effect in the same 
direction, the plate P charging up positively as before but at 
a very much diminished rate. A strong magnetic field applied 
across W had little or no effect upon the rate of charging of P. 
Moreover, when the narrow pencil of rays from LZ was curled up into 
a close spiral in front of the window, but not touching it, P charged 


* No rays can be detected unless the applied potential exceeds 90 volts. 
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up much more rapidly, an effect easily explained if P is regarded 
as emitting negative electricity as the result of a radiation pro- 
ceeding from the cathode stream itself. A test which conclusively 
showed that the effect was really due to a radiation from the 
cathode stream was devised. A solid obstacle was placed in front 
of W, the effect at once disappeared; on removal of the obstacle, 
P again commenced to charge up. In the actual experiment the 
obstacle was a small brass plate, which could be rotated from the 
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outside by means of the ground glass joint J. In this way P 
could be given an uninterrupted view of the cathode stream or 
the view could be cut off. 

__ There is thus definite evidence of a radiation proceeding from 
the path of the cathode stream. That this radiation does not 
consist of charged particles of small mass is shown by the fact 
that it is not cut off by a transverse magnetic field. Strong 


evidence in favour of supposing it to be a very soft Réntgen 


, 
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radiation is afforded by the observation that the velocity of the 
negative particles ejected from P is not very different from the 
velocity of those streaming out from the lime cathode*. This 
experiment was carried out as follows. An electrostatic volt- | 
meter connected between LZ and A gives the velocity (expressed | 
in volts) of the cathode particles shot out from Z. The potential | 
to which P charges up is a measure of the velocity of the 
particles ejected from P. In practice it was found necessary to 
keep the gold leaf in as sensitive a position as possible, and a 
convenient method of ensuring this was to keep the potential | 
difference between the electroscope plate and the leaf very nearly 
equal to V, the voltage giving instability. Thus the leaf was | 
charged to a positive potential v, and the plate was kept at such 
a potential p (positive or negative according as v was greater 
or less than V) as would satisfy the relation v-p=V. The 
voltage across the tube was then varied until the leaf did not 
drift from its zero position when insulated. We can then say 
that cathode particles of velocity not greater than v are being 
ejected from P. The following table gives a few of the results 
obtained in this way. 


} 


Velocity of lime cathode rays Velocity of particles from P 
(expressed in Volts) (expressed in Volts) 
128 100 
145 Aly 
187 152 
218 178 


velocity of lime cathode rays 


It is to be noticed that the ratio velocity of pantelesaieeiae 


is nearly constant*. 


_ * In this connection see Proc. Roy. Soc. A. Vol. uxxxvi. 1912. 
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The Gravels of Hast Anglia. By Professor HUGHES. 
[Read 25 November 1912.] 


In introducing the subject of the gravels of Hast Anglia the 
author pointed out that too much importance must not be attached 
to the absolute height and level of the river terraces, firstly because 
of the rise of the valley from its mouth to its source and secondly 
on account of the earth movements which have affected the area. 


He showed that there had been considerable depressions in the 
_yalley of the Cam since the deposition of some of the existing river 
silt. 


Only a small proportion of the flints of which the gravels were 
chiefly composed were likely to have been derived directly from 
the Chalk and very few from the London Tertiaries. They were 
probably produced on the Miocene land surface over which the 


Crag sea advanced rapidly sweeping up the old surface soils and 
_ forming the first deposits of angular flints from which so much of 


our stained gravel has been derived. 

The subsequent depression of this area, while adjoining moun- 
tain regions were uplifted, would account for the material of the 
Norfolk cliffs which might be referred to the action of an ice-laden 
sea on the land. Shore ice and pack ice early impinged upon the 
sinking and afterwards the rising land, mixing up and contorting 
the material upon it, and creeping up the long slopes and over the 


_ wide plains with similar results. 


He traced these glacially formed or glacially modified beds 
from the coast to the hills inland, pointing out that every character 
which was seen in isolated sections inland could be seen along the 
coast in continuous sections. They differed from the river gravels 
in their tumultuous arrangement and in their great variety of 
composition. 

This group, of glacial origin, were well represented by the 


~ Whittlesford beds. 


The loam of the cutting near Chesterford Station, and the 
sands, gravels, loam and marl of Hildersham, Gog Magogs and 
Hare Park were assigned to the same series, and connected with 
the coast by the deposits of Roslyn Pit, Sedgeford and Hunstanton. 
As the land rose the agents of subaerial denudation began their 
work at once and the rain-wash and river-terraces thus formed, 
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being often fossiliferous, were more easily grouped in chronological 
succession. 


Of the newest age were the gravels of Jesus College, Little | 
Downham, &c. In an earlier stage he placed the gravels of | 


Barnwell, Stow, the Botanic Garden, Trumpington, Shelford, and 
the mammoth gravel of Chesterford, and to a still earlier stage he 
referred the Girton and Observatory gravels and those of the 
Newmarket Road. 

The Barrington beds must be considered by themselves, being 
very different in composition, situation and fossil contents. 
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On the Properties of a Liquid connected with its Surface 
Tension. By R. D. KiEEMmAN, D.Sc. (Adelaide), B.A., Emmanuel 
College. 


[Received 18 December 1912.] 
Calculation of the Absolute Mass of the Hydrogen Atom. — 


If no transition layer were formed on a liquid surface the 
equation * 


could be used to calculate the absolute molecular weight mz, of 
a molecule where U denotes the energy expended against mole- 
cular attraction in separating the molecules of a gram of substance 
an infinite distance from one another, p, the density of the sub- 
stance, and i, the surface tension that would exist if no transition 
layer were formed. At low temperatures when the density of 
a liquid is large in comparison with that of its saturated vapour 
U=L the internal heat of evaporation, if the internal energy of 
a molecule is practically independent of the vicinity of other 
molecules, which is very likely the case. But although a tran- 
sition layer is formed the equation may be used to obtain an 
approximate value of the quantity in question. It was found that 
if values of m, are calculated by equation (1) for different tem- 
peratures of a liquid, substituting for 2 in the equation the 
values 2 found in practice, and plotted against the corresponding 
temperatures, the points obtained lie approximately on a straight 
line. Now the effect of the transition layer on the surface 
tension decreases with decrease of temperature+, and at the abso- 
lute zero is probably negligible. According to a formula given 
by the writer? the surface tension at the absolute zero is about 
sixteen times that at room temperature, and the effect of the 
transition layer on the surface tension therefore small according 
to the paper first quoted. An approximate value of the absolute 
molecular weight is therefore given by the intercept of the straight 
lime on the m, axis. 


* Phil. Mag. Dec. 1912, p. 883. 
+ Loe. cit. 
+ Ibid. Jan. 1911, pp. 99—101. 
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TABLE I. 
Hither Carbon tetrachloride 
i r i P erie IG 


| 
313 | 14-05 | 75:36 | 363 | 17-60 | 40-62 


363 8°63 | 63°31 | 423 | 11-21 | 34:42 


ad m, = 1:34 x 10 orm, | m, = 1-67 x 103? erme| 
Methyl] formate Benzene 
| ah j 
| 


ena) if Tol, COS eeuaet 


308 | 25-09 | 1075 | 353 20:28 85:62 
363 14-29| 85-1] 413 | 13-45 74-09 


m, = 1-62 x 10 grm. | m,= 1°62 x 10 grm. | 
| 


Table I contains the values of m, for the hydrogen atom 
calculated in the way described from the values of X for four 
liquids corresponding to the temperatures given in the table*. 
It will be seen that the values on the whole agree well with one 
another, the only serious deviation being shown by that obtained 
from ether. The mean value is 


1:56 x 10-* grm., 


which is very nearly equal to 1:61 x 10-“ grm., the value deduced 
by Rutherford from experiments on the a particle. 


Relations connecting Surface Tension with other Quantities. 


A number of relations have been found connecting the surface 
tension of a liquid with its internal heat of evaporation, co- 
efficient of compression, coefficient of expansion with rise of 
temperature, and other quantities. They should have as foun- 


* The values of L were obtained from a paper by Mills, in the Journ. of Phy- 
Chem. vol. yi. p. 405 (1904). 
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‘dation the relations that can be obtaimed from the fundamental 
equations the writer deduced from the law of molecular attraction. 
Some of these relations will be pointed out here. 


From the equations * 


me eu 2 6, Be Pi 
Nae (2) Se), ee m (?:) (2a) 
we have ; r=D, es SE ap SCAU NEAR Fd ORS (2), 
m® 


where m denotes the molecular weight relative to hydrogen, and 
_D, is a quantity which is the same for all substances at corre- 


_ sponding states. 


The equation + 
p= ar (2) (Sea) 


and one of the foregoing equations give 


m3 m\> 
nr = D, (=) = D (=| oun c cence etrccces 3 5 
P pi 3De om (3) 
where D, and D, are corresponding quantities, p denotes the 
pressure of the saturated vapour, and the suffix c indicates that 
the quantity to which it is attached refers to the critical point. 
_ The coefficient of compression 8 is given by 


where a, is a corresponding quantity, and hence equation (2) 
may be written 


where D, is a corresponding quantity. 
The coefficient of expansion a is given by 


ae COL 
iid pal 
By means of this equation and the equation 
RT .p. 
Po 3 Im 
equation (3) may be written 
8 
Pi 
i (22) ee ridbns ya ae (5), 


where D, is a corresponding quantity. 


* Phil. Mag. Oct. 1909, pp. 491—510. 
+ Ibid. Dec. 1909, p. 903. 
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The different values of each of these corresponding quantities — 
for a number of liquids will probably not differ much from one 
another for a constant temperature, if it is low, ¢.e. that of the 
room, since the differences between the values of a corresponding 
quantity for a constant temperature decrease with decrease of 
temperature. 

A case of special interest is the following. From one of the 
foregoing equations by differentiation and elimination we obtain 


dr 
ne Dd; > , where JD, is a corresponding quantity. This equation 


ae D,ra, by means of the equation giving the 
coefficient of expansion, where D, is a corresponding quantity. 
Now the surface tension is approximately a linear function of the 
temperature, and is therefore approximately given by an equation 
of the form >) = d,(1 46,7), where 6, is approximately a constant. 
The former of the last two equations may therefore be written 


may be written 


where g, is a corresponding quantity. Since 6, is approximately 
a constant and a does not vary rapidly with the temperature, g; 1s 
approximately constant over a considerable range of temperatures. 
This is the empirical relation connecting 6, and a proposed by 
Cantor*, who showed that g,=2°3 approximately. Table I 


TABLE II. 

Name of substance r 6, a In 
VAT COM ayree mceas eae DET 0-013 0-00491 2-6 
Carbon monoxide...) 13:5 | 0-013 0.00454 2-9 
Caclnnumageere ee errr 830 | 0:00042 | 0-000170 2-5 
ARs celta CRA 610 | 0:00027 | 0:000114 2-4 
IGEN ion dence aecare nie 510 / 0:00029 | 0-000129 2:2 
IBemZene ss 1h a tee 29:4 | 0-0035 0:00139 2°D 
Hthyl alcohol ...... 34:3° | 0:0027 0:00124. 2:2 
IP nemOls pia ewe ees 40:6 | 0:0029 0:00089 3°3 
PNrn Wind Oa 88.2 oases 45-0 0:0025 0.00092 27 
Nitro benzene ...... | 48:2 00028 0:00089 3°1 
Carbon disulphide 546° 0°0029 | 0-00121 2-0 | 


contains the values of g, for a number of substances selected from 
a table given by Freundlich in his book on Kapillarchemue. 


* Zeitschr. f. phys. Chemie, xxx1x. 129 (1902). 
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‘The Influence of the Curvature of Surface of a Inqud on its 
| Surface Tension in Connexion with the Radius of the Sphere 
of Action of a Molecule. 


Since the surface tension of a liquid is due to the existence 
of molecular forces we should expect that it should depend on the 
curvature of the liquid surface. But the effect of curvature of 
surface on the surface tension becomes appreciable only when the 
radius of curvature becomes comparable with the radius of the 
sphere of action of a molecule. The latter quantity may be 
defined as the distance that two molecules in a liquid must be 
separated in order that the energy expended in overcoming their 
attraction on one another during the process is approximately 
equal to that expended in separating them an infinite distance 
from one another. 

Consider a sphere of liquid in the centre of which is a tiny 
spherical air bubble whose diameter is equal to the radius of the 
sphere of action of a molecule. Suppose the air bubble increased 
slightly in size by forcing an additional quantity of air into it. Now 
it will be easily seen that during the increase of the liquid surface 
in contact with the bubble the molecules in and near the surface 
do not get out of each other's range of molecular action for an 
increase of surface ds to such an extent as if the surface were 
plane. The amount of work done per unit increase of surface 
is therefore less than in the case of a plane surface, and the 
surface tension therefore decreases with increase of the curvature 
of the surface when it is concave with respect to a point outside 
the liquid. 

In a similar way it can be shown that if the diameter of a 
sphere of liquid is equal to the radius of the sphere of action 
of a molecule, less energy would be expended in producing an 
increase of surface area ds than if the surface were plane. The 
surface tension will therefore also decrease with increase of 
curvature of the surface when it is convex. It will be observed 
that these results should also hold if a liquid is incompressible 
and no transition layer is formed. 


Properties of Plane Inqud Films. 


It can be easily shown that the average external work done 
im evaporating by a reversible process a film of liquid of constant 
mass, and expanding the vapour till its density is equal to a given 
density, increases with a decrease of the thickness of the film. 
Thus let W, denote the external work done in one case. Next 
let the process of evaporation be carried out in a different way. 
Thus let the area of the film first be considerably increased by 
stretching it out, and let w, denote the work done against the 


154 Mr Kleeman, On the Properties of a liquid ° 


surface tension. Let the film now be evaporated and the vapour 
expanded or compressed at constant temperature till its density — 
is the same as that of the vapour at the end of the previous | 
process, and let w, denote the external work done. Now ac-_ 
cording to thermodynamics the external work done at constant — 
temperature during a reversible process between given limits is _ 
independent of the nature of the path of the process. Hence 
W,=w,—w,, and therefore w, is greater than W. 

It follows therefore that if a film of liquid is gradually 
stretched out a thickness would ultimately be reached at which 
the pressure of the saturated vapour begins to increase with 
decrease of thickness of film. It can be easily shown that this 
thickness is equal to twice the radius of the sphere of action of 
a molecule. For if a film has a thickness equal to or less than 
this quantity it requires the expenditure of less energy to move 
a molecule to infinity than in the case of a much thicker film. 
Consequently a larger proportion of molecules will possess suffi- 
cient velocity to be able to overcome the molecular attraction 
and escape from the liquid surface in the former case than in the 
latter, producing a corresponding difference in the pressures of 
the saturated vapours. Also the attraction of one half of the 
film on the other half per cm.? of surface would in such a case 
be less than the attraction of a large mass of liquid on a cm 
of its surface transition layer. This should have the effect of 
making the transition layer for the film less abrupt than for a 
much thicker film. Further, the density of the liquid mid-way 
between the surfaces of such a film should be less than that in - 
the centre of a large mass of liquid. 

An inferior limit of the radius of the sphere of action of a 
molecule can be obtained. When the surface of a liquid is 
increased at constant temperature an amount of heat is absorbed 
dn 
dT 
of liquid be stretched out till it consists of a film contaming one 
layer of molecules only the amount of heat absorbed should be 
practically equal to the internal heat of evaporation Lp, of the 
e.c. of liquid, or 


equal to 7'=,, per unit increase of surface. Therefore if a cc. 


an CDS 
[er sr = Te. 
It is evident therefore that the surface tension should undergo 
a change during the process before the area of the film is equal 


to A, where 


Nes 


Tf A denote the thickness of the film we have AA = 1. 
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| Table III contains values of A at different temperatures for 
two liquids. The inferior limit of the radius of the sphere of 

action of a molecule obtained, which is equal to = is of the 

same order of magnitude as the usually accepted radius of a 
_ molecule. 


TABLE III. 
Ether. 
iio ay | | | 
1 te Ena A ne 
BEES EOGN NL T5°36 | Qe 10a’ can. | 1G 
333 BG-60 i) TOs als Tine 1-7 
353 | 37-43 | 65:85 | 42 - , 1-8 
Ba 3787 | 60:36 149... 1-8 


Carbon tetrachloride 


363 | 40:3 | 40-62 | 32x10 em.) 1-6 
383 | 41:39 | 38640 03-618 (aie sel rl 
403 49-33 | 3658 | 40 _,, ee | 
423 BO; GON DA AO NAC re, 1-9 


| | 
| 
| | : | 


The table also contains the values of the number of layers of 
molecules n, in a film of thickness A, which is given by 


a 
en (*) syle 
Mm 


The values are all less than 2, and a film therefore consists of 
a single layer of molecules when stretched out till its area is 
equal to A. Now the surface tension must obviously decrease 
before this stage is reached. Since », is calculated on the 


supposition that 7 oe 


follows therefore that the ratio 


dx 
ToT r 
on the average increases with a decrease of the thickness of film 
when it is less than that of twice the radius of the sphere of 
action of a molecule. 


is independent of the thickness of film, it 
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The Polymerization of Molecules in a Substance. 


The equations * 


T.= H, (22) (SVM) (7) 


and i (Be) (3m) .....00 (8) 


and the relations + connecting the internal heat of evaporation, *| 
surface tension, and other quantities with one another, obtained — | 
by giving the function () in the law of molecular attraction — 
different forms, may be used to investigate whether a substance © 
1s polymerized. The quantities 7,, p., pc, denote the critical — 
temperature, pressure, and density respectively of a substance of 
molecular weight m, m, denotes the atomic weight of an atom 
in the molecule and H, and M are constants. If a relation does 
not fit the facts, it signifies that the molecular weight does not | 

| 

: 


correspond to that indicated by the chemical formula, but to — 
some multiple of it. Provided the substance does not consist of 
a mixture of molecules polymerized to different extents the actual 
molecular weight can be determined by finding the factor of the 
chemical molecular weight which gives an agreement with the 
facts. Oetvos’ surface tension equation has been used in this 
way. By means of it Ramsay and Shields found that water, 
acetic acid, and the alcohols are more or less polymerized. This 
may be verified by applying to these substances the latent heat — 
and other relations quoted. 

A few additional important cases of polymerization will be 
pointed out here. By means of Dieterici’s equation f 


m Po 


_ giving the internal heat of evaporation L in terms of the densities 
p, and p, of the liquid and vapour respectively, it can be shown 
that NH, is considerably polymerized in the liquid state. The 
constant K instead of being equal to 1:75, the value it has for 
liquids that are not polymerized, varies from 2°6 to 3:9 when the 
temperature varies from —10° to 40°C. It will also be found 
that the critical quantities of O, do not fit in with equation (8), 
-and Q, is therefore to a certain extent polymerized. Mercury 
is usually supposed not to be polymerized. It will, however, be 
found that if the internal heat of evaporation is calculated by 
means of Clapeyron’s thermodynamical equation, and substituted 
* Phil. Mag. May 1910, pp. 783—809. 


+ Ibid. Jan. 1911, pp. 83—102 
+ Ibid. Oct. 1910, pp. 688, 689. 


l 
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in the equation LZ = E, (p,?—p.”), the value of #, is not constant 
as it should be*, but increases rapidly with the temperature, 
showing that mercury is in a polymerized state. 
_ A liquid may consist of molecules whose molecular weight is 
that indicated by the chemical formula, or of molecules poly- 
‘merized in equal degrees, or of a mixture of molecules polymerized 
in different degrees. The formulae discussed do not distinguish 
between the last two cases. It will therefore be of importance to 
develop one that does. 
In a previous papert it was shown that 

ee = eae (Ce Vvm,), 
Pinan pe 
when the density of the liquid is large in comparison with that 
of its surrounding vapour, where X denotes the surface tension. 


‘Since “ according to Traube is approximately proportional to 


“Wm, we may write 
| = 103 /m. 


Pe 


Hence the foregoing equation becomes 


= 3296 - — nd outa (9). 


1 


This equation holds independently of the extent of the polymeri- 
zation of a substance, provided all the molecules are polymerized 
to the same extent, in which case m and } Vm, have the same 
polymerization factor. Let us apply this equation to the four liquids 
mentioned in Table IV, which are known not to be polymerized. 


Tape IV. 
Name of liquid Xx 3296 ae) 
pit m 
Methyl formate ......... ee 32°6 
Carbon tetrachloride ... 3:99 3-25 
IBeENZeN er eet eee 46°5 45-66 
ITER omcca ls eee cds 62:92 66-11 


The table contains the values of the right- and left-hand sides of 


* Phil. Mag. Oct. 1910, p. 687. 
|+ Ibid. Jan. 1911, pp. 99—101. 
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the equation (9) for these liquids, which, it will be seen, agree 
fairly well with one another, as we should expect. The values” 
of the left-hand side are the mean values given in a table in a 
previous paper*. ; 

Since equation (9) holds independently of the temperature 
and the values of the critical quantities of the substances under 
investigation it can be easily applied to the facts. We may, for 
example, use it to investigate the polymerization of fused metals” 
and salts. The results of such an investigation are given in 


TABLE V. 
| | de 
Symbol of | r | Za/my\4 
eS as | Pl | p14 eee (=) 
Pd 1339 | Wed 07929 "2935 
Pt 1658 2N-32 ‘008024 | 08670 
Hg 435-6 | B39) 01293 08241 
Ss 42 1-811 3°904 322 
Se 70-4 4-26 -2138 5282 
Ag 1824 9-51 09563 -2825 
Bi 381-9 10:04 03759 07652 - 
Zn 812-2 6:48 -4606 ‘7802 
Sn 587-1 7:02 2418 2374 
Sb 244°5 6°41 1447 -2289 
Pb 448 10:37 ‘03877 07691 
Cd 693°5 7975 = efilics -2628 
Fe 950 6:88 4239 1-051 
Au Ole? IGG 004476 08492 
K 363-9 8298 167-4 2-167 
Cu 581 8-217 1275 *8307: 
Na 519-7 9287 699-2 6:232 
iP 41:15 Looe 4-340 3°431 
KBr 48-4 1-991 3:079 003787 
K,CO,, - 160-2 1:90 12-28 -01654 
KCl 69:3 1-45 15°67 701592 
LiCl 63-4 esi 17-74 . 04725 
ico, 152°5 1:765 asi 05360 
NaBr 49 eo ilhe, 2:046 005526 
NaCoO, 179 1:9445 12°52 | 02847 
NaCl 66°5 | 1:500 13:13 | -03251 
Na,SO, 182 ada 2:065 10:02 | 70115 
AgBr 121-4 6°479 0689 0009854 
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: Xr 
Table V. It will be seen that in most cases the value of — 
1 


‘differs very considerably from that of 
3296 — 
m 


indicating that the fused substances consist of a mixture of 
molecules polymerized to different extents. We would, of course, 
expect that the molecular weight of these substances is not that 
‘indicated by their chemical formula since fused metals and salts 
do not possess any appreciable vapour pressure. But this in- 
vestigation gives additional information. It will be seen that in 
the case of each of the four substances S, S,, Cd, and P, each 
molecule is polymerized to the same extent. 
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The Minerals of some Sands and Gravels near Newmarket. 
By R. H. Rasratt, M.A., Christ’s College. 


[Read 10 February 1913.] 


In a recent communication to this Society* a brief account 
was given of the composition and characters of certain sands and 
gravels of Pleistocene and Recent age found in the neighbourhood 
of Cambridge. A few specimens have since been collected from 
deposits of the same general age in the Newmarket district, and 
the present paper embodies the results of an examination of these 
by methods similar to those previously employed, with slight 
modifications suggested by experience. 

The deposits here described are not connected with any 
streams now existing and must have been formed by rivers 
belonging to an ancient drainage system which has now totally 
disappeared, having undergone complete modification by capture 
or other processes of a like nature. For the present purpose 
however it is unnecessary to discuss in detail the origin of these 
deposits; the main object is to place on record their characters 
and composition for the guidance of future workers. It is hoped 
that a systematic investigation of the lithological characters of the 
gravels and sands of this region may eventually succeed in 
establishing the existence of definite types of deposit which may 
_be correlated with the physical conditions prevailing at different 
periods in the past. 

___ The deposits here described are referred to very briefly in the 
publication of the Geological Survey+ dealing with this district, 
and no detailed descriptions seem to exist. When mentioned at 


* Rastall, ‘‘The Mineral Composition of some Cambridgeshire Sands and 


Gravels,”” Proc. Camb. Phil. Soc., vol. xvi. 1913, pp. 132—143. 


t “The Geology of parts of Cambridgeshire and Suffolk,” Mem. Geol. Surv. 
1891, p. 72. 
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all they are generally assumed to be similar to the “ Gravels of . 
the Ancient River System” of Cambridge, and the field evidence, 
such as it is, goes to support this view. In the neighbourhood of. 
Exning and Snailwell the gravels and sands form a ridge, no 
doubt once continuous, but now cut through in places by existing 
rivers. This ridge is no doubt analogous to the Quy-Cambridge-_ 
Girton ridge, which is similarly cut through by the Cam. I have- 


been unable to find in the scanty literature any mention of the 


loam or brick-earth here described, although brick-earth is said to_ 
exist in some abundance at Bury St Edmunds. 

It is unnecessary to describe in detail any of the methods” 
adopted in collecting, preparing and separatmg the material. 
These processes were all carried out by the methods mentioned 
in the paper just cited. The only addition here made was the 
adoption of a new optical arrangement to facilitate the examina- 
tion of the separated minerals, which may be briefly described. 

The heavy residues from all the sands dealt with contain a 
considerable proportion of opaque grains, all of which look very 


similar when examined by transmitted light in the usual way. 


Hence it became highly desirable to devise some method by which 
grains of different colours could be readily distinguished. It was 
important also to make such an arrangement that it was possible 
to revert to the normal method of examination without disturb- 
ance of the microscope or of the slide, enabling any individual 
grain to be examined by each method alternatively. After some 
trials it was found that the best results were obtained by strong 


oblique illumination, and that various colours of background were ~ 


required for objects of different characters. Thus highly-coloured 
transparent or semi-transparent minerals are made most con- 
spicuous by a black background, while for completely opaque and 
metallic grains a partially illuminated background gives the best 
results. ‘The method finally adopted was as follows: a powerful 
electric lamp, of 16 or preferably of 32 candle-power, was placed to 
one side of and as close as possible to the revolving stage of an 
ordinary Swift petrological microscope, the ight being raised very 
slightly above the plane of the stage. The illumination of the 
field of view was thus very nearly horizontal. The plane mirror 


was arranged to reflect a beam of light up the tube in the usual — 


way for examination by transmitted light, with or without crossed — 
nicols. ‘To obtain a dark background all that is necessary is to — 


insert a card of the required shade, black, grey or white, into the — 


space between the lower nicol and the stage. It is convenient to _ 
have a single card, half black and half white, or with a grey strip — 


in addition ; this card can be moved about as desired for different _ 
grains, and it can also have a hole cut in it to be brought to the — 
centre when a solid background is not desired. This card in no — 


and Gravels near Newmarket. 163 


way interferes with the working of the nicols, the revolving stage, 
or other parts of the microscope and can be left in position 
permanently. This method of examination is especially useful for 
the detection of glauconite, magnetite, haematite or any metallic 
minerals, and it might perhaps be of service in the search for 
small traces of gold or platinum in sands and gravels and also in 
the examination of soils for agricultural purposes. If a strong 
source of artificial light is not available, sunlight acts as well, or 
even better in the case of minerals of some shades of colour, but 
unfortunately sunlight is not always obtainable when required. 
The special advantage claimed for this arrangement depends 
mainly on the extremely oblique illumination, which reveals 
clearly pittings and inequalities on the surfaces of the grains, thus 
bringing out the characteristic appearance. Among transparent 
minerals it can be usefully employed for the detection of thin 
flakes of mica, which always lie flat in properly mounted slides. 
Since the light strikes them edgeways, owing to their thinness 
they are practically invisible against the dark background, though 
conspicuous when viewed by transmitted light. This complete 
disappearance of a mineral may be taken as a proof of its occur- 
rence in very thin flakes. By this means also the colours of very 
minute grains are made easily visible. This simple apparatus 
was employed to a considerable extent in the examination of the 
Specimens described in the following pages. 


(1) Pit at Newmarket Station. 


Numerous shallow excavations have recently been opened on 
the slope of the hill immediately adjoming the north side of 
Newmarket station, behind the Coronation Hotel, and from these 
numerous mammalian bones have been obtained. Among the 
specimens preserved in the Sedgwick Museum, Cambridge, 
Mr C. E. Gray has identified the following: Hlephas, Hippopota- 
mus, Rhinoceros, Bos, Bison, Ursus and Cervus. The general 
character of the deposit is best described as brown, rather loamy 
sands and gravels with many fairly large flints: pebbles of other 
rocks are extraordinarily rare, only one or two fragments of 
sandstone being observed. 

After washing, the heavy constituents of the sand were 
concentrated by panning and separated directly in bromoform ; 
a large and very ferruginous residue was obtained, necessitating 
prolonged digestion in strong hydrochloric acid. It then appeared 
that a considerable proportion of the grains that sank in bromo- 
form consisted of glauconite of various shades of brown, green 
and bluish green, coated over with a skin of brown iron oxide. 
These were so abundant that a second separation was necessary. 
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The final residue was nevertheless large in amount and contained — 


a considerable variety of minerals. Black grains of magnetite are 
very abundant, and the chief transparent minerals found are 


zircon, rutile, garnet, tourmaline, staurolite, hornblende, augite — 


and probably spiel. Zircons are very common and rather large: 


sometimes idiomorphic, but more commonly well rounded; un-_ 
usually so for such a hard mineral. Rutile is also very plentiful — 
in prismatic crystals and in grains varying in colour from yellow — 
to deep red. It is possible that some of the deep red grains here — 


assigned to rutile may really be cassiterite: this would be difficult 
to prove. Pale pink and brown garnets are common in well 
rounded grains rather larger than the average size. ‘There are 
also a few opaque white, yellow and brown grains of indetermin-— 
able nature, and a very little opaque red iron oxide, probably 
haematite. Kyanite is very rare. When examined on a dark 


background the most striking feature of the sample is the | 


abundance of magnetite and rutile, and its general appearance is 
very characteristic. 


(2) Dane Hill, Kennett. 


At this locality, which is about four miles north-east of New- 
market, there are curious patches of marl or loam resting on 


gravel. The marl is very pale grey in colour, weathering pale | 
yellowish brown. It is very fine in texture and soft, disintegrating | 


readily when placed in water. By repeated washings much fine 
mud can be removed, leaving a residue of pale brownish sand, 
with small chips of flint and some white mica. It is difficult to 
get rid of the last residue of the mud by washing, and this is 
important, since separation of heavy minerals is prevented by the 
presence of mud. However addition of a little acid facilitates the 
process, and produces a copious effervescence, thus justifying the 
designation of marl employed above. Larger elements which fail 
to pass the first sieve are small in amount, consisting of pinkish 


quartz and grains of iron oxide, together with chips of pale blue © 


flint. 

The portion sinking in bromoform also for the most part 
consists of iron oxide in rounded and curiously polished grains. © 
After further treatment with acid these are removed, and all that | 
remains is a very few rounded grains of garnet, together with still 
fewer crystals of hornblende, zircon and rutile. These grains are 
not by any means exceptionally small: in fact they are consider- 
ably larger than in the sands from Newmarket station and from 
the cemetery pit at Exning. This fact probably has some bearing 
on the origin of the marls, as will be explained more fully in ue 
case of the Exning deposits. 
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(3) Cemetery Pit, Exning. 


A large pit adjoining the cemetery at Exning now shows a 
good exposure of sands and gravels, apparently lying in a pocket 
in the Chalk. It is possible that sands and gravels of two different 
ages are here seen in juxtaposition, since a good deal of variation 
is to be observed in different parts of the pit. The eastern end is 
excavated in brown, highly ferruginous, sand with wisps of chalky 
clay and many blue flints. The north wall of the same pit 
consists of a lighter coloured sand, with much more Chalk and at 
the top the usual pipes filled with brown loamy material. All 
over the pit large flints are numerous, but judging from a careful 
examination of the piles of stones riddled out from the gravel, 
pebbles of distant origin are very rare; only a few blocks of sand- 
stone were seen, ranging up to 6 inches in diameter: no pebbles 
of igneous rocks could be found. 

Since some doubt exists as to the identity of the sands seen 
in various parts of the pit, samples were collected from different 
points and treated separately by the usual methods. 

(a) Eastern side of pit. This is a pale brown, clean, bright 
sand, of rather fine grain, with few stones: when washed it was 
found to be remarkably free from mud. The heavy portion was 
partially concentrated by panning, and being obviously ferruginous 
it was at once treated with acid, yielding a remarkably white 
sand with much glauconite. A fairly abundant heavy residue 
sank in bromoform. 

This residue consists of rather small grains which are as a 
rule distinctly rounded: the chief minerals present are iron 
oxides, brown tourmaline, abundant zircons, rutile, epidote, stauro- 
lite, hornblende in rounded grains and ragged fragments, together 
with kyanite and garnet, the last-named mineral being fairly 
abundant and in grains distinctly larger than the rest, suggesting 
a somewhat different origin. The zircons are notably abundant 
and more rounded than in samples from the neighbourhood of 
Cambridge. 

(6) Northern side of pit. This specimen consists of a rather 
light coloured fine grained quartz sand with fairly abundant dark 
grains and many very small chips of flint. A small sample when 

tested with acid gave a strong effervescence. The heavy consti- 
tuents were partially concentrated by panning and then separated 
in bromoform without previous treatment with acid. Grains of 
iron oxide were found to be so abundant as to necessitate treat- 
“ment with acid and a second separation in bromoform. This 
_ process brought to light a considerable amount of green glauconite 
and some pale brown grains of doubtful character. The heavy 
residue after the second separation was abundant and consisted of 
unusually small grains. Its general mineral composition also was 
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i 
very similar to that from Newmarket station, and unlike the 
sands near Cambridge. The chief minerals identified are zircon, — 
rutile, garnet, hornblende, augite, epidote and staurolite. Tour- 
maline is notably scarce and kyanite was not found. | 

The grains of garnet, though larger than most of the other — 
minerals, are still small and generally a good deal rounded, while 
the crystals of epidote, of a bright yellowish green, are conspicu- | 
ously round. The hornblende includes not only the common 
green variety, but also a blue form, referable to arfvedsonite. 
The most notable feature of the specimen is certainly the extra- 
ordinary abundance of zircon and the extreme rounding of many 
of the crystals of this very hard and resistant mineral, indicating — 
prolonged rolling, or derivation in a rolled condition from some | 
older rock. The entire absence of kyanite and rarity of tourmaline — 
are also notable and difficult to explain, since both these minerals — 
are so abundant in the sands of the same general age near — 
Cambridge and both occur with fair frequency in the sample of — 
sand taken from another part of the same pit. This fact goes to — 
confirm the idea that sands of two different origins and ages are — 
exposed in this pit. 


(4) Pit near Eaning Village. 


This pit is situated a short distance from the village of 
Exning, on the road to Snailwell, and lies on fairly high ground. 
It shows a good exposure of material of peculiar character, which 
is best described as brown and grey loam or marl, or the somewhat ~ 
vague designation of brick-earth might well be applied to it. 
Although the material is of very fine texture it contains a few | 
large flints, those of an elongated form often lying with their long 
axes vertical. There are also well rounded boulders of sand up to- 
a foot in diameter embedded in the marl. The occurrence of the 
vertical flints and of the boulders of sand suggest deposition from 
floating ice in comparatively still water. It is difficult to account 
for the sand boulders unless they were frozen when deposited in 
their present position, as they are well rounded and with sharp 
outlines clearly demarcated from the fine marl. 

Two large samples were taken from this pit, one of a brown — 
loamy material and the other of a fine greyish-yellow sandy marl, — 
The treatment of these samples presented considerable difficulties, — 
owing to the large amount of fine mud. However by long- © 
continued washing in a large porcelain dish the mud was eventu- 
ally got rid of, and the sandy residue could be treated in the usual 
way. Naturally this residue was of unusually fine grain, and did — 
not submit to the operation of panning so readily as the coarser 
sands. In the case of the fine marl in particular the amount of — 
heavy minerals ultimately obtained was very small. 
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(a) Brown loam. In this specimen all the grains are rather 
small and even in size; a few garnets only being somewhat larger 
than the average. Among the opaque constituents magnetite is 
moderately abundant and there are a few grains of red iron oxide. 
Among the transparent constituents zircon and rutile are very 
abundant, both in sharply angular and well rounded crystals. 
-Hornblende, epidote and staurolite were also noted, while flakes 
of muscovite are abundant. Tourmaline is scarce, while kyanite 
‘is very rare indeed. Garnet occurs in angular chips and also in 
rounded grains. 

The notable features here are the abundance of zircon and 

rutile and the rarity of kyanite and tourmaline, together with the 
presence of abundant muscovite. 
; (b) Grey marl. In this specimen the grains are all very 
small indeed. and of uniform size. Magnetite is not very abun- 
dant and there are a few pale yellow and white opaque grains. 
Minute flakes of muscovite occur in great profusion, the other 
notable minerals being zircon and rutile: the crystals of both are 
for the most part sharply angular, though a few are rounded. 
Other minerals are'in such minute quantity as scarcely to be 
worth mention. Allowing for the difference of size of grains this 
specimen agrees very closely with the last. 


GENERAL CONCLUSIONS. 


Although the specimens here described are few in number, 
and show a certain amount of variation among themselves, they 
all possess certain characters in common, with the exception of the 
Dane Hill marl, which is quite exceptional. In all the others the 
most notable heavy minerals are zircon and rutile, while kyanite, 
staurolite and tourmaline, So abundant in the gravels near Cam- 
bridge, are notably rare or even completely absent. In the loam 
and marl of the Snailwell road pit at Exning muscovite is also very 
abundant. 

From the general mineralogical composition of the sands and 
gravels here examined it may be inferred that the greater part of 
the material has been derived from distant sources by glacial 
transport, minerals obtained at second hand from the Neocomian 
series being quite subordinate in amount, and notably in less pro- 
portion than in the gravels near Cambridge. Not enough evidence 
is yet available to enable any explanation of the causes of this 
difference to be offered, and more work is required on this subject. 

As for the actual manner of formation of these deposits, the 
coarser types appear to be due to rapidly moving water, either 
the waters of ancient rivers, or possibly in some cases fluvio- 
glacial, while as before stated the fine marls have possibly been 
deposited in still or slowly moving water in which ice was floating. 
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Observations on Polyporus squamosus, Huds. Preliminary 
Communication. By S. Recinatp Pricr, B.A., Clare College — 
(Frank Smart Student in Botany in the University). 


[Read 10 February 1913. ] 


Polyporus squamosus, the “Saddle-back Fungus” or “ Dryad’s” 
Saddle,” is well known asa parasite upon living trees and a powerful 
timber destroyer. Perhaps the most important work which has 
been done on the biology of this species is detailed in the papers 
published by Prof. A. H. R. Buller* and by Mr F. T. Brooks. 

There were certain features, however, with regard to its biology 
which merited further investigation, and the object of the work 
here summarised was to attempt to throw further light on the 
general life-history of the species. 

The fungus has never before been grown on wood in artificial 
culture. Buller obtained some cultures on gelatine media, but 
did not get infection of wood to take place. 

By making. use of the property of the species of forming a 
spore cloud, as described by Brooks and Buller in the papers 
mentioned abovet, it was possible to collect the spores in large 
quantities and in an uncontaminated condition. For the culture, 
the usual methods, as described by Marshall Ward§ for Stereum 
hirsutum and Brooks|| for Stereum purpureum, were employed. The 
spores were placed on the surfaces of sterilised wood blocks con- 
tained in wide plugged test-tubes, the wood being kept moist by 
a pad of cotton-wool saturated with water. 

Two months or more elapsed before.any sign of mycelium made 
its appearance, after which it gradually spread over the surface. 
Generally the mycelium in older cultures formed a white felt-hke 
mass of very fine hyphae covering the surface of the block. Later 
this became brown in colour and numerous “ oidia” were found to 
be produced. Drops of a brown watery liquid also exuded from 
the mycelium at about this stage. 

Spore cultures were made on elm wood; further cultures were 
made by mycelial transfer in many cases. The mycelium grew on 
blocks of the wood of the elm, lime, sycamore, horse-chestnut, and 
very feebly on that of Pinus. 


* Buller, A. H. R. ‘‘The Biology of Polyporus squamosus Huds., a timber 
destroying Fungus,” Journ. Econ. Biol., 1906, vol. 1. p. 101. 

+ Brooks, F.T. ‘‘Notes on Polyporus squamosus,” New Phyt. vitt.1909, p. 348. 

+ Vide also Buller, Researches on Fungi. 

§ Ward, H. Marshall. “On the Biology of Sterewm hirsutum,” Phil. Trans. 
Roy. Soc. 1898. 

|| Brooks, F. T. ‘‘Silver-leaf Disease,” Jowrn. Agric. Sci., vol. tv. p. 138. 


Mr Price, Observations on Polyporus squamosus, Huds. 169 


Ultimately peculiar fructifications, which were, however, always 
sterile, and showed no signs of basidia formation, were produced in 
many cases, so far as present observations go always on elm wood. 
‘They took the form of rather elongated stipes with no indication 
of a pileus. On the whole they resembled the natural fructifica- 
tions, obtained by Buller, from logs filled with the mycelium, which 
were kept in darkness*. Some were unbranched, others freely 
branched and tree-like. 

Cultures kept in darkness usually developed a more abundant 
“mycelium than those in light, but never produced any fructifica- 
tions. 

) The mycelium penetrated the wood comparatively slowly, and 
except for the outer layer the blocks remained quite hard even 
after twelve months’ action of the mycelium. This is very 
“probably a cultural effect as the decay is certainly much more 
rapid in nature. 

Attempts were made to grow the mycelium on a decoction of 
elm wood extract solidified with gelatine and also on agar con- 
taining the same decoction. The growth was slow and feeble on 
both these media. 

The spores germinated in hanging drops of solutions rich in 
nitrogenous substances, as Buller found+. To follow out the 
manner of the germination of the spores on wood, and the 
penetration of the hyphae, numerous spores were placed on small 
sterile blocks of wood. The germination was slow, but the pene- 
tration of the hyphae could be traced after four to six weeks. 

Inoculations were also made on living elm trees, using both 
mycelium and spores, on new and old wound surfaces. The 
mycelium again penetrated slowly as determined by cutting 
sections in the region of inoculation. Infection seemed to take 
place more readily in autumn and winter than in spring and 
summer, while old wound surfaces and especially dead twigs were 
easily attacked. 

This last point is probably definitely connected with the slow 
germination of the spores and the relative activity of the region 
on which they are placed. 

The work was suggested to me by Mr F. T. Brooks, to whom 
I wish to record my best thanks for his constant interest and 
advice, 


* Buller, A. H. R. Researches on Fungi, p. 59 sqq. 
+ Buller, ‘Biology of P. squamosus,” loc. cit., p. 116. 
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Note on the respiratory movements of Torpedo ocellata. By 
G. R. Mines, M.A., Fellow of Sidney Sussex College. (From the 
Stazione Zoologica, Naples.) 


[Read 10 February 1913.] 
(Plates III and IV.) 


THE researches of Bethe, Rynberk, Baglioni and others have 
shown that in a great variety of fishes, both bony and cartilaginous, — 
the rhythm of the respiratory movements is very closely dependent 
on peripheral stimuli. It has been remarked that the sequence 
of regular rhythmic movements which are ordinarily called the 
respiratory movements, is liable to be interrupted by movements 
of a different type, in which the cavity of the pharynx is opened 
more widely than usual and then forcibly contracted, driving the 
water out through channels which ordinarily conduct an inflowing 
stream. These movements can be elicited with great ease by the 
introduction of any foreign solid object into the mouth cavity, and 
also by the introduction of bubbles of air: they occur when a fish 
is removed from water, and are called variously gasping move- 
ments, Auspedreflewe or, in the case of elasmobranchs, Spritzrefleae. 

Baglioni* remarks that these spouting movements may be seen 
occasionally if one watches a fish kept in a tank under conditions ~ 
as nearly as possible normal. He attributes their occurrence to 
the entry into the mouth cavity of some foreign particle with the 
inspired water, such as a grain of sand or a shred of mucus: such 
objects are often to be seen in the jet of water shot out by the 
Auspeireflex. Baglioni thus regards the sporadic appearance of 
these movements as being conditioned by the chance occurrence 
of some slight external stimulus. He considers them equivalent 
to a cough or a sneeze. 

While it is undoubtedly true that spouting movements can be 
elicited by very small external stimuli, | have made some observa- 
tions which seem to me to point to a tendency on the part of the 
nerve cells concerned in the reflex to discharge at rhythmic 
intervals which are not correlated with rhythmic external stimuli. 
The development of rhythms of long period in nerve cells is a 
matter of interest from several points of view, and I have therefore 
thought it worth while to give a brief account of these observations, 
which were made incidentally in the course of another enquiry as 
yet unfinished. 


* Z. f. allg. Physiol. vit. p. 177, 1907. 
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Methods. In the study of a series of rhythmic movements 
three points may receive attention: these are the frequency, the 
amplitude and the form of the movements. The first may be 
‘determined with sufficient accuracy by simple observation, but for 
the study of the second and third of these factors a graphic record 
is required. For the accurate study of the form of the movements 
the recording surface must move fairly rapidly, that is to say at 
the rate of some centimetres per second. From such a record all 
‘the information required as to frequency and amplitude could be 
obtained, but only as the result of examining and measuring many 
metres of tracing, even in an experiment of moderate duration. 
As a matter of fact, in the case of respiratory movements, the 
factors of greatest interest are the frequency and amplitude of the 
movements; it is rare to find changes in form unaccompanied by 
any change either in frequency or in amplitude. For the investi- 
gation of frequency avd amplitude the most usual practice is to 
fake a tracing on a drum travelling at such a rate that the 
movements are just distinctly separated. Such a record shows at 
once the amplitude, and on counting and comparing with a time 
record it gives the frequency. Anyone who has had the task of 
counting up the number of movements per minute from such a 
tracing knows that it is exceedingly tiresome. The tracings 
moreover are very cumbersome if the experiments are prolonged, 
and mere inspection gives no indication of any but relatively large 
changes in frequency. Following on the work of Marey, Nogues* 
has elaborated an apparatus known as an odograph for the 
investigation of such series of rhythmic movements. The fre- 
quency of a rhythm studied by this apparatus is indicated by the 
inclination of a continuous line to the horizontal axis. If the 
rhythmic movements continue at a uniform rate, the line ascends 
regularly: if they accelerate, the line goes up more steeply, if 
they retard, less steeply. In the course of an experiment, it may 
pe of several hours’ duration, the frequency recorder traces a single 
oblique line. 

The method which I have used differs from that of Nogués in 
that the counting mechanism records each minute by a separate 
vertical line the number of contractions which have taken place 
in a predetermined interval of time. It is arranged as follows. 
The lever shown in Fig. 1 is used to record the amplitude of the 
movements, in the usual way. The recording lever is pivoted at 
A. At B a second lever is pivoted, the screws supporting it 
being insulated from the brass holder. This second lever consists 
of a wire bent to the form shown. On its axis there is pressed 
a piece of hair-spring which introduces sufficient resistance to 


* Trav. Inst. Marey, u. p. 31, 1910. 
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prevent this little lever from falling by its own weight, and at 
the same time brings it into electrical connexion with the insu- 
lated binding screw C. The extremity of the second lever is bent 
back on itself so as to form a pair of jaws which pass on either 
side of the first lever, about 15 mm. from its axis. To the upper 
Jaw is fastened a small piece of platinum wire, which can make 
contact with another piece of platinum wire fastened to the main 
lever. The under jaw is prevented from making contact with the 
first lever by a thin piece of mica. The amount of play between 


the recording lever and the jaws of the second lever is made as 
small as possible consistent with the making and breaking of — 


contact with each up and down movement of the levers. This — 
arrangement provides for a rubbing contact between the platinum 
pieces. D is a stop. 

During the ascent of the recording lever, electrical contact is 
maintained between the binding screw C and the brass support; 
during the descent of the lever, the contact is broken. This holds 
good for a wide range of positions of the recording lever, and the 
arrangement will work even when the amplitude of the excursions 
is very small: it is limited, of course, by the width of the gap 
between the jaws of the second lever. This lever is connected to 
a source of current of about 4 volts and to the coils of a light 
relay. To obviate any sparking at the contacts a shunt may be 
introduced. ‘The intermittent movements of the relay actuate 
another cirewit which controls the apparatus shown in Fig. 2. 


This consists of a toothed wheel (a small circular saw was used) _ 


which is moved on, one tooth at a time, by a ratchet actuated by 
an electric magnet. A difficulty in the construction of an electric 
counter is that the movements of the armature of the magnet are 
apt to be so abrupt that the wheel may be shot on more than one 
step at a time. This difficulty is overcome by the use of a 
glycerine brake, which is seen below the toothed wheel. The 
ratchet actuating the wheel and that preventing it from slipping 
back, are placed near together on the periphery of the wheel. A 
second electro-magnet # is so arranged, that when it is energised 
both these ratchets are pulled away from the toothed wheel, so 
that it is free to move. On the same axis as the toothed wheel is 
a small grooved pulley, on which is wound a piece of silk thread. 


The other end of the thread is attached to a suitably weighted — 


lever. The wheel is furnished with a stop so that when the 
magnet H is energised, the wheel and the lever return to a 
definite zero position. The magnet H# is excited for a period of 
eight seconds once a minute, the circuit being made by a wire 
connected to the second-hand of an ordinary clock dipping into a 
pool of mercury contained in a cavity in a paraffin block on which 
the clock stands. 
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The lever connected with the wheel is arranged to write under 
‘that recording the amplitude of the movements. It gives a record 
‘showing the number of movements which have occurred during 
a period of 52 seconds in each minute and at the same time 
provides a time tracing in minutes by which the upper tracing 
may be read. 

The general arrangement of the apparatus is shown in Fig. 3. 
Records are taken on a drum moving about 10 cms. per hour, and 
thus quite a short tracing shows at a glance the frequency and 
amplitude of the movements over periods of several hours. ‘T'wo 
sources of instrumental error must be noted, though they do not 
affect any of the conclusions to be drawn from the experiments to 
be described. In the first place variations in frequency within 
the interval of 52 seconds would escape notice in the record if 
they chanced to include an acceleration and a retardation which 
exactly balanced one another. In the second place, when the 
frequency of the movements is quite regular, there is liable to be 
@ variation of one in the record from minute to minute, since the 
number of movements will not as a rule be an exact sub-multiple 
of the number of seconds during which they are counted. 

Examples of the records obtained are shown in Figs. 4 and 5. 
The method is obviously suitable for the study of the heart beat 
or for counting drops. 

Experiments were made on moderate sized specimens of 
Torpedo ocellata. The fish was held lying with the ventral 
surface uppermost by means of von Uexkiill’s device. A gentle 
stream of sea-water was led into the mouth by a rubber tube. 
The fish was placed in a small tank, provided with an overflow 
pipe, and as a rule was covered with water. The recording lever 
was connected by a thread to one of the gill clefts. 

The temperature of the water varied in different experiments 
from 18° to 22° C. ; 

Observations. After the irregularity caused by the manipula- 
tion involved in fixing the fish in position, the respiratory 
movements became regular, and often continued so with little 
change in amplitude or frequency for several hours. During this 
period it was very usually found that the fish made occasional 
spouting movements. 

The graphic records showed that these spouting movements 
tended to recur at fairly regular intervals. 

Fig. 4 is an example taken from the close of a period of two 
hours during which the behaviour had been practically the same 
the whole time. It is to be noted that the spouting movements 
do not occur at exactly equal intervals, yet sufficiently nearly so 
to suggest a slightly-distorted rhythm. The period of this rhythm 
was sometimes as great as 5 minutes—in other cases the movements 
recurred several times in a minute. 
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The frequency of the spouting movements was greatly in- 
fluenced by changes in the mechanical conditions. The effect of 


an increased flow of water through the pharynx always caused an 
increase in the frequency of the ordinary respiratory movements 


with a decrease in the frequency of the spouting movements. 
These points are illustrated by Fig. 5 (a) and (b). The tracing 


are from different experiments. 
In (a) the flow of water through the pharynx was reduce 


during the times indicated by the white horizontal lines. In (6) 


the horizontal line indicates an increase in the rate of flow. 
The frequency scale at the side applies to both tracings. 


I have not found any definite relationship between the | 
chemical composition of the water and the frequency of the | 


rhythm. <A considerable increase in the carbon dioxide tension, 
changing the hydrogen ion concentration of the sea-water from 
about 10-°* to 107* caused violent movements and upset the 
rhythm altogether. In one case increase in the oxygen tension of 
the water was accompanied by cessation of the spouting move- 
ments which returned when the oxygen tension was restored to 
its original value. This result was not confirmed on repetition 
with other specimens. Further work on the subject is needed. 


The object of the present communication is to point out that 


these spouting movements do often occur in the resting fish, 


separated by intervals so nearly alike as to make it improbable — 
that the occurrence of each movement is the result of a fortuitous — 


external stimulus. External stimuli will readily affect the reflex 


mechanism, but it appears that when external conditions are kept- 


as uniform as possible the periodicity of the spouting movements 
is determined by the central nervous system. 

I wish to express my warmest thanks to Doctor Dohrn and 
his Staff for the kindness with which they aided my work during 
my tenure of the University Table at the Stazione Zoologica in 
the autumn of 1912. 
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— The Atomic Constants and the Properties of Substances. By 
‘R. D. Kireman, B.A., Emmanuel College, D.Sc. (Adelaide). 


THE quantity of a substance, where p denotes its density 


i 
and m the molecular weight of a molecule relative to that of the 


hydrogen atom, is the volume of a gram molecule of the substance, 
and accordingly proportional to the molecular volume of a molecule. 
“Tt has long been known that it is approximately an additive 
quantity of the atom for substances at their boiling points at 
_ atmospheric pressure. It is evident, however, from the investiga- 


i 
f 
| 


tions of the law of corresponding states in connexion with the law 
of molecular attraction by the writer, that the molecular volumes 


obtained for corresponding states are likely to be of greater value - 


TABLE I. 
Values of Cy. 


H=1, C=2034, O0O=2298, F=2098, Cl=4105, 


Br=5:805, I1=7:7734, Sn=859. 


m 
-and importance. Table I contains the values of — for a number 


| 


Hexamethylene | 307:5 | 340°3 


Name of substance 7 14-062, , Name of substance a 14:06 ¢, 
| 
Di-isopropyl 356-7 | 368-4 | Stannic Chloride 351-6 | 351-6 
Di-isobuty] 482-2 | 482-2 || Benzene 256°2 | 256:2 
Pentane 310-3 | 311-7 || Ether 284-1 | 287-3 
Tsopentane 307-7 | 311-7 || Propyl formate 288°5 | 29]: 
Hexane 367-5 | 368-4 || Propyl acetate 344°9 | 348-2 
Heptane 4927-6 | 425-1 || Carbon dioxide 94°8 | 93-2 
Octane 490-4 | 482-2 || Ethyl butyrate 420-4 | 404-9 
Fluor benzene 271-4 | 271-4 || Methyl acetate 231:3 | 234°8 
Bromo benzene | 323°5 | 235-5 || Carbon tetrachloride | 276-2 | 259-4 
Todo benzene 350-6 | 350-6 || Methyl formate 17250) | 17830 
Chloro benzene | 307'8 | 299-6 | Hydrochloric acid 61:4 73°7 
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of substances at the critical point—the most important corre- 
sponding point—and the values of the molecular volumes calculated 
from the expression LECar, where c, denotes the apparent volume 


of an atom relative to that of a hydrogen atom. The values of @ | 


are given at the top of Table I. Those of the H and C were 
obtained from the two substances di-isobutyl and benzene, while” 
the values for the other atoms are the mean values obtained from 
the remaining substances. KK has been put equal to 14:06. A fair 
agreement between calculation and experiment is obtained. 


There is no obvious simple reason why the apparent molecular | 
volume of a molecule should be an additive property of its atoms, 
since an increase in the volume of a substance is not attended by | 
an equal increase in the actual space occupied by the molecules. | 
The molecular volume in the case of a liquid or vapour, it may be | 
pointed out here, is really the outcome of the equilibrium between | 
the intrinsic pressure due to the attraction between the molecules, | 
and the pressure exerted by the molecules due to their motion of | 
translation. We might therefore expect that the constant c, and | 


the atomic attraction constant c, should be connected with one 
another. Thus the writer has shown that the attraction constant 
of an atom is proportional to /m,, where m, denotes its atomic 
weight. Traube has shown that the atomic volume of an atom at 
the absolute zero, which according to the law of corresponding 
states is proportional to that at the critical point, is proportional 
to /m,. But the values of the constants c, and c, (the average 
values determined from the facts) agree on the whole better with 
the facts than the constant ./m,, as might be expected. 

The factors of ./m, that have to be introduced in both cases 
to obtain a better agreement with the facts are of interest. In 
the case of the constant cy, we may accordingly write ¢y=y,/m. 
The values of ry, for a number of atoms corresponding to the values 
of c, deduced from the internal heat of evaporation* are given in 
Table II, the value for the carbon atom being put equal to unity. 
It is very probable that y, depends on the chemical constitution 
of the molecule in which the atom occurs, and should therefore 
strictly not be given the same value for each substance. Probably 
it will be found when more extensive data are available that it has 


the same value for all substances belonging to the same chemical — 
group. Further investigations of the properties of the attraction — 
constants in the law of molecular attraction along these lines will 


probably lead to interesting results. 


In the case of the constant c, we may similarly write 


Cy=Y2Vm,. The values of y, for a number of atoms are given in 
Table II, the value for the carbon atom as before being put equal 


* Phil. Mag., Oct. 1909, p. 507. 
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to unity. An inspection of the table will show that the greatest 
deviation from the square root law in the case of both the 
quantities c, and c, is shown by the hydrogen atom. The 
deviations are in opposite directions. This adds another anomaly 
‘to the large number for which hydrogen is already famous. 


Tasie Il. 
| 
Atomic Atomic 
| symbol V1 y2 symbol Y1 Y2 
| H | -653/1-70 || cl | 920 | 1-171 
i C 1-000 | 1-00 Br (tS | WeikOD 
O ‘974 ‘977 Sn 882 | 1:346 
] F 863 819 if ogi |) Ills 


The writer has deduced two fundamental relations from the 
law of molecular attraction and the laws of thermodynamics’. 
‘These equations may now be written 


(2, 
ee eR a as, Bp (1), 
(2,,) 
> 
! T=M pCa” nh a ARP A a a (2), 
1, )3 


where p denotes the pressure of the substance at the tempera- 
ture 7, and M? and M,? are quantities which have the same values 
for all substances at corresponding states. Thus if the chemical 
formula of a substance be known the critical constants can ap- 
proximately be calculated by means of the atomic constants cy 
and c,. The values of 7, for a few substances were calculated in 
this way by means of equation (2) and are contained in Table III, 
putting for M, its mean value 17°69. The agreement between 
calculation and experiment is not quite so good as obtained in 
Table I, due probably to the fact that higher powers of %, and 
,, are involved which increases the effect of the errors in ‘their 
values on the value of 7,. But still the formulae should be useful 
in obtaining approximately the values of the critical quantities. 
They may be of use in chemical investigations, especially when 
the properties of a new compound are being investigated whose 
chemical formula can only be conjectured. “Thus if the critical 
‘constants of a hypothetical substance be calculated, its pressure, 


* Phil. Mag., Oct. 1909, p. 509, and Dec. 1909, p. 903. 
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TABLE III. 
Values of Ca. 


H=1, C=530, 0=594, F=576, Cl=840, Br=1065, 
Sn=1468, [1=15-49. 


Name of substance Zu Ze, T,,(Exp.) | 7’, (Cal.) | 
| 
Chloro benzene 45-2 | 21-31 | 633 | 620-7 | 
Octane 60:4 | 34-27 | D697 seaesr | 
Ether Ot | 20°43 | AGT ee { 
Carbon dioxide 17-2 | 6-63 | 304-3 | 426-5 | 
Methane 9-3°))- 6°03 Or amelie | 
Hydrogen 2 2 38°5 28°5 
Ethylene 14-6 8:07 | 282 290:7 
Carbon tetrachloride | 38:°9 | 18-45 | 556°1 | 557-2 
Pentane 38-5 | 22°17 |) 470: 34ers 
Heptane 53:1 | 30-23) 539,08 Raaks | 
Di-pheny! methane 73°6 | 34°41 | 768:6 5869-2 


and density of liquid and saturated vapour, can be obtained for | 
any temperature from those of a known substance by means of} 
the law of corresponding states. By comparing these quantities | 
with those found by experiment useful information for the guid-. 
ance of further experiments is obtained. As an example of the 
application of these principles let us calculate the critical and 
other quantities of the substance O,;, which Ladenburg believes is 
produced in a vacuum tube through which an electric charge 
passes, supposing that it exists as a pure substance, that is, not 
as a mixture of substances whose formulae are of the type Op. 
The critical density, temperature, and pressure in atmospheres 
are found’ to be ‘495, 603, and 83°3 respectively. At a tempera- 
ture of 16°C. (room temperature) the substance would have a. 
vapour pressure of 30°7 mm. of mercury, and the temperature of ) 
its boiling point would be 134° C. | 

Useful information may also be obtained by means of the | 
foregoing equations about the purity of a substance, that is, 
whether or no it consists of a mixture of two or more substances, | 
a special case of which is partial polymerization of the molecules. | 
For example, the values of c, and ¢, for an atom of copper, deduced 
by interpolation from the values of ¢, and ¢, for a number of atoms | 
given in Tables I and III are 9°81 and 5:18 respectively. The 
critical temperature of liquid copper should therefore be 190°C. 


{ 


} 
\ 
| 
} 
| 
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Brace, however, it is undoubtedly enormously higher, it follows 
that copper in the solid and molten state consists in practice of 
| molecules having the formula Cn,, where 7 is probably quite large. 
‘The same conclusions can be arrived at in respect to all the other 
metals, and a large number of chemical compounds such as the 
various salts etc. 

It will be apparent from equation (2) that the value of 7, 
increases with that of =, c,, Lherefore the partial polymerization 


of a liquid should have the effect of raising its critical temperature. 
An important case in point is water, whose critical temperature 
would be 159:5°C. instead of 631°C., if the chemical formula for 
each molecule were H,O. If each molecule were polymerized to 
the same extent its chemical formula would be 7°8 (H.O). It 
appears, however, from surface tension considerations that water 
consists of molecules polymerized to different extents. The mole- 
cular weight of some of the molecules must thus be greater than 
that according to the above formula. It may be pointed out here 
that the determination of the extent of polymerization of a liquid 
from Oetvos’ surface tension equation cannot lead to very accurate 
results since it is tacitly assumed that the critical temperature is 
not influenced by polymerization. 

: Another interesting case in this connexion is the molecular 
Weight of liquid mercury. If we take cy, and c, equal to »/m,, 
| which we have seen is approximately the case, we obtain 604°9° C. 
} 
| 


for the critical temperature. But it is undoubtedly much higher, 

from which it follows that mercury must be partially polymerized. 

This we have shown to be the case by a different method in a 
previous paper*. 


' * Proc. Camb. Phil. Soc., vol. xvii. p. 157. 
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Note on the effect of heating paraformaldehyde with a trace of | 
sulphuric acid. By J. G. M. DuNntop, M.A., Gonville and Caius 
College. 
| 
[Read 24 February 1913.] | 


PRATESI (Gaz. XIv. 139) described a polymeric variety of | 
formaldehyde, soluble in alcohol and other solvents, and to which | 
he gave the name a trioxymethylene. This he prepared by | 
heating paraformaldehyde (trioxymethylene) with a trace of | | 
concentrated sulphuric acid for some hours in a sealed tube at ; 
115°C. The a trioxymethylene was described as condensing in | 
the cooler portion of the tube in long needles. 

The present author, having occasion to require a strong solution 
of formaldehyde in alcohol (in which paraformaldehyde is in- 
soluble), began to prepare « trioxymethylene in this way. . 

For convenience it was thought desirable to use a tube about | 
60 cm. long, bent in the middle into a right angle, so that the end 
containing the paraformaldehyde and sulphuric acid could be | 
heated in a tube furnace, the a trioxymethylene being condensed 
in the other limb, which was immersed in a beaker of water. 

The distillate was found to consist of a very mobile liquid, | 
which when distilled gave two fractions, one distilling at 33°C. | 
and the other at about 100°C. 

The more volatile fraction had an ethereal odour, and did not | 
react with sodium bisulphite. On investigation it was found to 
be methyl formate, and this was confirmed by comparison with a 
specimen of this ester, the boiling point and density being | 
identical. On hydrolysis with moist lead oxide it yielded lead 
formate and methyl alcohol. 

The yield of methyl formate is very variable, and depends on | 
the amount of sulphuric acid and also on the temperature. With 
about six drops of acid to ten grams of trioxymethylene, a yield of | 
about one to two grams of ester appears to be usual. In an ex- | 
periment in which about five grams of acid to ten grams of trioxy- 
methylene were taken, great charring took place, and practically 
no ester was formed. 

The reaction appears to take place by an intermolecular | 
exchange of linkages thus: 


C=6 H,C—o 


————— 


H_C_H  H CH, ie He cover 
| | 
O O 
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It may also take place by the hydrolysis of two molecules of 
formaldehyde to methyl alcohol and formic acid, (analogous to 
the Cannizzaro reaction in the case of aromatic aldehydes), and 
subsequent esterification in the presence of the sulphuric acid. 
In this case however it would be reasonable to expect that by 
using a larger proportion of acid, the yield of ester would be 
increased, which does not accord with the experiment described 
above. 

__ The higher boiling fraction was found to consist chiefly of a 
liquid boiling at 95—96° C. and which appears to be a polymer 
of formaldehyde. It is still under investigation. Experiments 
with other condensing agents are also being carried on. 


: 
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The Oxidation of Ferrous Salts. By F. R. Ennos, B.A, 
St John’s College. (Communicated by Mr C. T. Heycock.) 


[Read 24 February 1913. ] 


THE rate of oxidation of ferrous salts in aqueous solution and 
in absence of free acid was studied by bubbling air or oxygen 
through the solutions at a constant rate of about one litre in 
three hours, portions of the solution being removed at definite 
intervals and titrated with potassium permanganate or bichromate. 

At the ordinary temperature ferrous sulphate and chloride are 
oxidised exceedingly slowly. In the case of the former the initial 


rate of oxidation in an 10 solution at 25° C. 1s of the order ‘03 per 


cent. per hour, and this rate is doubled roughly for a rise of 10°C. 
A temperature of 60° C. was finally employed in comparing different 
ferrous salts and it was found that the oxidation of the chloride is 


about one-tenth and of the acetate ten times as fast as that of the | 
sulphate. For the sulphate the reaction appears to be of the | 
second order as regards the ferrous salt and also proportional to | 
the partial pressure of the oxygen, results agreeing with those | 
obtained by McBain by a different method (Jowr. Phys. Chem. | 
1901). It has not yet been possible to find the order of reaction | 


for the chloride or the acetate. 
The influence of temperature, dilution and nature of the acid 


radicle indicates that the oxidation depends on the non-ionised — 
part of the ferrous salt molecule. It remains to be seen whether | 


there is any quantitative relationship between the two. 
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A Simple Method of determining the Viscosity of Air. By 
G F.C. Smarts, ScD. F.RS., University Lecturer in Experi- 


mental Physics, Fellow of Peterhouse. 
[Read 11 November 1912.] 


§ 1. Introduction. The determination of the viscosity of water 
by the flow through a capillary tube has, for many years, been one 
of the experiments done in my practical class at the Cavendish 
Laboratory. The determination of the viscosity of air was intro- 
duced in October 1912 for the benefit of those students who had 
already determined the viscosity of water in Mr T. G. Bedford's 
class at the Cavendish Laboratory or in other laboratories. The 
apparatus can be constructed at small cost and without the aid of 
a highly-skilled mechanic—advantages which will appeal to many 
teachers. No attempt has been made to introduce refinements 
into the apparatus. 

Air is pumped into a large vessel and is allowed to escape 
through a capillary tube. The pressure of the air at the beginning 
and end of a measured interval of time is determined, and it is 
assumed that the temperature of the air in the vessel and in 
the capillary tube is always equal to that of the surrounding 
atmosphere. 

In the determination of the viscosity of water the difference 
of pressure forcing the liquid through the tube is kept constant 
and the density of the liquid may be treated as uniform. But in 
the present experiment the density of the air is not uniform along 
the flow tube at any given time, and the difference of pressure 
driving the air through the tube is not constant, but diminishes 
as the time increases. The theory must therefore take account of 
these two facts. For the convenience of those who may wish to 
repeat the experiment, I give the details of the necessary 
calculations. 


Fig. 1. 


§ 2. Calculation of velocity. Consider a tube AB (Fig. 1) of 
radius @ cm. and length J cm., through which air is passing in the 
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direction from A to B. Let CD be a length dz of a coaxal 
geometrical cylinder of radius r cm., the end C being at a distance 
x cm. from the end A of the tube. 

Let the velocity of the air in the positive direction at any 
point defined by 7 and x be v cm. per sec. Then the velocity 
gradient at the curved surface of the cylinder CD is dv/dr sec, 
Hence, if the viscosity of the air be 7 dynes per sq. cm. per unit 


velocity gradient or 7 grm. cm.~ sec.—, the force due to viscous | 


action on the curved surface of CD in the positive direction is 
du 


Serer 2nrda dynes. 


If the pressure at any point on the end C of the cylinder be | 


p dynes per sq. cm., the pressure at any point on the end D is 
p +(dp/da) dx, and thus the resultant in the positive direction of 
the forces due to the pressures is 


2p 
eat oa dx dynes. 


When the velocity of the air at any point in the tube is very | 


small compared with the velocity of sound in air, the rate at which 
momentum enters the cylinder CD by the end C by convection 
differs from the rate at which it leaves the cylinder by the end D 
by an amount negligible compared with zr? (dp/dx) da. Since the 
motion is steady, the momentum within the cylinder remains 
unchanged. Hence the resultant force vanishes and thus 


st Ge 
1G, aarda — ar do 0 = 9 
dvr dp 
dr 2 dx’ CO ay (i) 


Since v =0 when r=<a, because there is no slipping at the wall of 
the tube, the solution of this equation is 


or 


1 
fy BY = ‘ 9 
v=—— (a Dae 230) Gee ae (2) 


If the flow of air across the plane defined by « be U cc. per sec., 


U= ["2nrodr=— 5 e [@=r)rar 


ae 8 ae” ele svele!aiaje is)e/u''s eiuin aisles /eleleleanieledstateletuielakeietene tenons (3) 


The mass of air crossing this plane per second is oU grammes, 
where o grm. per cc. is the density of the air under the pressure p 
at the temperature @ prevailing at the plane «; this temperature 
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is assumed to be equal to @,, the temperature of the surrounding 
atmosphere. 


§3. Calculation of pressure. When the motion is steady, the 
mass of air crossing each section of the flow tube per second is the 
same, and hence 


eater OL ORK Ee nein aac Enea ne (4) 


where o, and U, are the density and volume of the same mass of 
air at temperature @, and at the atmospheric pressure P,. Thus 


a, ee ere (5) 
o P 


Inserting this value of U in (3), we find the following differential 
equation for p, viz. 


IPO jo ae eho 
nia ae she Sy eae Bone eet ee (6) 


In practice the radius of the tube will not be quite constant at 
different parts of the tube, but it will generally vary so slowly as 
we pass along the tube that the conditions of flow for any in- 
finitesimal length dw may be treated as if they were those which 
would exist there if the whole tube had the same radius as the 
element dz. On these assumptions, equation (6) holds good for all 
values of x Integrating it with respect to # from «=0 to v=, 
and remembering that 7 is independent of the pressure, we have 


Lda 


T a 
IED; ‘ Face eee oooD0odODDOYOND (7) 
If the pressure in the vessel, 1.e. where 2=0, be P, then 
O GUIS 2 GP pes ; 
BO.) eR BD Bele tant! oe (8) 


since the pressure at #=/ is the atmospheric pressure P,. With 
moderately good tubes the integral on the left differs very little 
from J/a,‘, where za,” is the value of the cross-section deduced 
from the formula ~ 


THO sa pr wl E aan eRe nae Gch iar (9) 


and M grammes is the mass of mercury, of density p grm. per c.c., 
which fills the tube. The necessary calibration correction is in- 
vestigated in § 6. Neglecting it for the present, the formula 
becomes 

ma P?— P? 

= Teal? Ee SE ams 


an equation due to O. E. Meyer. 


Uy 
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$4. Formula for viscosity. In the experiment the mass of 
the air which passes through the tube is deduced from the fall of 
pressure of the air in the vessel during a time ¢ seconds. 

Let the volume of the vessel up to the end «=0 of the flow 
tube be Sc.c. and let the mass of air in the vessel at any time ¢ be 
M grms. Then if, as is assumed, the temperature be 0,, we have | 


MSc = Sc,P/P,... ee (11) 


The rate at which mass escapes from the vessel is o,U, grms. per | 
sec. and this is equal to —dM/dt. Hence, by (11), 
re ae 

Gendt es eee 

Using this value of U, in (10), we obtain the following differential 
equation for P, viz. 


ie 


SEEPS Ge tea 
Pi dt SiG6yl eel 
Putting 1/(P? — P,”) into partial fractions, we have 
(ae 1 PSG 
= = seat date (12) 
TP) VPESP) SPP \ eae lees 

Integrating from t=0 to t=#, we have 
A Pigg, Pt Ea]. att 
OP. 2 P=, i, © lense 


If P, and P, be the pressures in the vessel at t=0 and at t=7, 
then 


TAP ot Be : 
is = )\, PoudnnoDdDDOodoadadDOOLOOS (13) 
é mes (P, =a VER PRP; + P, 
where dX. = log, 1B Sa eE Pt . Pee ee (14) 
_ mail t 
Hence NS Teg #40 ee ee (15) 


From the last expression 7 can be determined. The value of Py — 
on the right side of (15) must be expressed in dynes per sq. em. 

Thus, if the barometric height be h, cm. and the density of — 
mercury at the temperature of the barometer be p grms. per ¢.c., — 


Po = gphy- 


Since only ratios are involved in the formula (14) for A, the pres- 
sures in that formula may be expressed in cm. of mercury. 
In the experiment it is the differences P,—P,, and, Pw 
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which are observed by means of a gauge. The quantities P,+ P, 
and P,+ P, are obtained as follows :— 


| pean (ee Py oP pl p.(P. = Py oP, 


| §5. Haperimental details. A “tin” can CO (Fig. 2) of about 
10 litres capacity (price 10d.) is used to contain the air. Through 


a well-fitting rubber bung a tube passes, and into this tube are 


i 


Fig. 2. 


soldered a cycle tyre valve V (price 4d.), an ordinary gas-fitter’s 
tap 7 (price 8d.), and a side tube. The side tube is connected 
with the mercury gauge G by a stout rubber tube. The flow 
tube # is connected with the gas tap by a rubber joint. The 
various joints must, of course, be air-tight. 

Air is pumped into the can by means of an ordinary cycle 
pump attached to the valve V, until the pressure is raised to 
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20 to 25 cm. of mercury above the atmospheric pressure. The 
apparatus is then allowed to stand for some minutes in order that 
the rise of temperature due to the compression of the air may die 
away. A screen should be placed between the can and the observer 
to prevent the transfer of heat from his body to the can. 

When the gauge readings have become steady, they are recorded. 
The tap is then opened for a time ¢ seconds—one minute or more 
—and is then closed, and the new gauge readings are taken and 
recorded*. This process is repeated for various initial pressures. 
If the barometric pressure and the temperature remain constant, 
we see, by (15), that the value of t/X should have the same value 
for each of the experiments with a given tube. 

The radius of the flow tube is found from the mass of mercury 
required to fill the tube. It is here assumed that the bore of the 
tube is uniform; the method of obtaining the small calibration 
correction is explained in § 6. 

The volume of the can is best found from the mass of water 
required to fill it; small corrections are required for the various 
tubes connected to the can. 


§6. Calibration correction. We shall now investigate the 
correction required when the flow tube is not of uniform radius. 
By (8) we see that we have to replace //a,‘ in (10) by 


[Ss 
Onan 


and thus formula (15) becomes 


asl ie ne, 
I= ae ee Ct tittttieteeeeees (16) 


The value of [dx/a‘ is found as follows. Suppose that n —1 marks 
are made on the tube, dividing it into n parts, each J/n cm. in 
length. Let a thread of mercury of mass m grms., whose length 
is approximately //n cm., be introduced into the tube. Let the 
thread be moved along the tube so that its centre approximately 
coincides with the centre of each of the m parts in turn, and let 
Gi, Yo, --- be its length in the n positions. Then, if the tube be 
treated as uniform over each of the n parts, we may put 


Tpaz=m/q, WpaZ2=m/GQ2., &c., 


where p is the density of mercury. 


* After the tap has been closed, the pressure in the vessel sometimes rises 
gradually by a few tenths of a millimetre. This indicates that, although the 
thermal conduction from the walls of the vessel has not kept the temperature of 
the expanding air quite constant, yet the fall of temperature has been very slight. 
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If the mass of mercury filling the whole tube be M grms., 
| 1 
M=~r7p \ a? da. 

0 


Taking J/n as an element of length instead of da and replacing 
integration by summation, we have 


l 1 
M =n | ae eS oe Se 
0 n go eG 
1 be 
- Hence SS = Ne dics canna aap cate: (17) 
m n q 
In a similar way we find 
pees ye oh aze Ge EEE 
a OF Gav ne ) men 


Hence, by (17), 


WO] GN ne 


If a,’ be the mean value of the square of the radius deduced from 
the mass of mercury filling the whole tube, 


Ninseaeeeniel 1 (s IN? Sop 
| —— 27) 0 


a. = M/rpl. 
ACD) oh we lf ING 
Thus I A ROE (= 7) ge 


Hence the factor F by which //a,t must be multiplied to correct 
for the inequality of the tube is 


This factor is only very slightly greater than unity when the tube 
is nearly uniform. 


We may exhibit the correcting factor in another form. Let q, 
be the mean value of the n quantities g,, qo, ... and let 


h=t+d. Jo = Qo + ds, &e. 


Then Sa dh 46 Gh =e oo =O. 
Hence LP= =z (get 2qod + d*) = ng? + Xd. 
Also, since with a nearly uniform tube d,, d., ... are small compared 
with qQ, 
il Ht Pe ts a? fii Al 
Ss = gaan ace 
q qot+d G Ww Giga eee 


190 Dr Searle, A Simple Method of determining 


Hence, going as far as >d?, we find for the correcting factor 


ns 250 fo =a : 
FB = (=) Sg= (1+ St.) (14 = 14 528 » (19) 


~ ne \7 q n NO? 2° 
y| Yo %o NQ 


aS ora! 
q gtd qo — a 
and since g,+d and q,—d are both positive, 


Since 


1 Lig n 
Ys=S—]5G—)>S=. 
q Qo (Qo ) Yo 

2 S 72 
al ) (get + Sa) Bull a 


n 
Hence —(— -, 
TENGE Ngo” 


and thus / always exceeds unity. . 
To illustrate the practical application of the calibration cor- | 
rection, I give the data for the flow tube No. I used in the 


measurements described in § 7. The following table gives the | 
length g of a mercury thread in 11 equally spaced positions along | 
the tube; the length of the tube was 64°82 cm. 
Length of 5 1 ‘ 
isesd q i. q am @ 
! 
cm. cm.” Clee cm. em.” 
6°32 39-9424 0158228 —0:15 0:0225 | 
6-40 40-9600 0:156250 —0-07 0:0049 | 
6-40 40-9600 0:156250 — 0:07 0:0049 | 
6-38 40-7044 0-156740 — 0:09 0-0081 | 
6-40 40-9600 0:156250 — 0:07 0:0049 | 
6-43 41-3449 | 0155521 — 0-04 00016 | 
6-49 42-1201 0:154083 + 0:02 0-0004 

6°53 42-6409 0°153139 + 0:06 0:0036 

6°60 43°5600 0°151515 + 0°13 0:0169 

6°60 43-5600 0151515 + 0:13 0:0169 

6:58 43°2964 0°151976 +0-11 0:0121 

p= 6°47 Zq?=460:0491 = j= 101467 =d?=0-0968 


Hence, since n= 11, we find, by (18), 
1 1\?__ 460:0491 x (1°701467) 
=—d>_7 = — 
a md . 5) 18 3 
The need of tables giving g? and g™ to several significant 
figures may be avoided by finding # by formula (19). Thus 


33d? 3x 00968 | 
UA ee ere 


= 1:00068. 
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§7. Practical Example. The following observations were 
made with two flow tubes. 
Volume of can and tubes (found by mass of water) =S=9646 c.c. 
Barometric height =hj=76°36 cm. 
Barometric pressure = P)=gphy=1-016 x 106 dyne cm.™. 
Density of mercury =p=13-56 grm. cm.~°. 
Length of flow tube 1 =/=64-82 cm. 
Mass of mercury filling flow tube I = M=3-671 grm. 


Hence a2= M|mpl=0-001329 cm.2, a= 1-767 x 10-6 em.?. 
By $6, P=5 >q?. (2 =) = 2-00068. 
Tf 3 n=Kt/)r, 

Je (hey Oe een 
then k= BSI ii Zq°.\ 2 q = ACT a) 5 


Thus, for tube I, 
fe RUDIS SOS SOs ry ent =p 
eamencre 1000s | 


The results obtained with tube I are shown in the following 
table. The table also includes results found with tube II. The 
data for tube II were 


1=77-56 cm., a)*=1:386x10-° cm.4, F= 4 =q?. (s 7) = 100467, 
Hence, for tube II, Kk=7'356 x 10-7 dyne cm. ~°. 
Tube| Time | Gauge readings| P,;— P)|P2—-Py| == 
secs. | cm. cm. cm. cm. 
I 0 | 36:26 | 13-80 | 22-46 OLOW AIO PANS. | 
120 | 30-20 | 19-93 10-27 
i O | 33°81 | 16-28 | 17:53 Oe Ba || este so WO 
120 | 29:08 | 21-08 8:00 
i Qj SISO | Ue ISS) 0:749 | 1:80 x 10™ 
120 | 27-80 | 22-40 5-40 
th) 0 | 36:39 | 13:66 )22-73 0-742 | 1:78 x 10- 
180 | 30°10 | 20-06 10-04 
en On 0315) 20-00) L015 Oe DI) Wee x WO 
180 | 27-40 | 22-77 4°63 
Tl | 0 | 32:49) 17-65 | 14-84 | O-SD || UG) se WO 
180 | 28-30) 21-88 | 6-427 
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In the case of tube I the tap was opened for 120 seconds, so 
that ¢=120 secs. For tube II the tap was opened for 180 seconds. 
The temperature was 13°8° C. throughout. 


The mean value for the viscosity of air at 13°8° C. is 
= Is) < MO exit, Ci Sees". 
Rh. A. Millikan (Physical Review, No. 1, 1913, p. 79) gives 
n = 1824 x 10-4 {1 + 0027 (¢ — 23)} 


for the viscosity of air at  C. This gives 7 =1:779 x 10~ for the 
viscosity at 13'8° C. 


| 
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The Swarming of Odontosyllis. By F. A. Ports, M.A., Trinity 
Hall. 


[Read 10 February 1913.1 


THROUGHOUT the months of June and July in 1911 I had 
frequent occasion to take and examine dredgings from the sea 
bottom outside the harbour of Nanaimo, British Columbia. The 
bottom deposits there are of a peculiar character, consisting largely 
of the debris of dead Hexactinellid sponges. The long interwoven 
spicules form a matted mass which furnishes a secure retreat for 
many species of Polychaet worms. One of the most abundant and 
interesting of these is a species of Syllid which proved to be 
Odontosyllis phosphorea described by Moore* in 1909. During 
the whele period the worms of this species contained reproductive 
products. The females were of a bright red colour due to the 
egos, while the males showed the natural yellow colour and trans- 
verse markings of the species. Both sexes were very irritable 
under handling and broke up entirely when attempts were made 
to fix them with sublimate solutions or alcohol, and at the same 
time an intense phosphorescence was produced. 

No appearance of the mature worms at the surface was noticed 
during these months, though a close lookout for phenomena of 
this kmd was maintained. On August 15th, however, Professor 
McMurrich of Toronto informed me that he had observed just 
before sunset hundreds of small worms swimming on the surface 
of the sea in Departure Bay, a shallow inlet adjacent to the 
grounds described above. Examination of a number of these 
which had been brought into the laboratory showed me that they 
belonged to the species found so abundantly amongst the sponge 
debris. 

The next night Professor McMurrich and myself followed the 
phenomenon as closely as possible. Sunset was about seven o'clock, 
and half an hour or more before isolated individuals began to appear. 
At first these were mostly males, but as the numbers increased so 
did the proportion of females to males until there was approximate 
equality. On their appearance from the depths the individuals of 
both sexes swam round and round in circles with swift undulatory 
movements. <A short time after, the movements became slower, 
finally ceasing, and during spasmodic flexures of the whole body 
the eggs and spermatozoa were discharged. Then the spent 
‘Individuals sank slowly beneath the surface. No approximation 
of the two sexes was observed to take place, but my impression 
was that each individual sought the surface without fixed plan or 


* J. Perey Moore, Proc. Acad. Nat. Sci., Philadelphia, vol. rx1. 1909, p. 327. 
VOL. XVII. PT, II. 13 
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direction, rid itself of its contents as quickly as might be, and then 
lost no time in descending to its accustomed habitat. The pheno- 
menon continued till the light had nearly faded, but by then there | 
were only very occasional individuals to be seen, so that probably — 
the whole period of swarming is less than an hour. 

On the following day I left Nanaimo, but I was afterwards told - 
that, though a few individuals were seen on the surface on that — 
night and the next, there were nothing like the numbers of the — 
two preceding nights. : 

The accompanying map shows the distribution of O. phosphorea | 
in the neighbourhood of Nanaimo. In explanation of the small 
area assigned to the swarming worms, it must be noticed that the | 
short time did not allow a complete investigation of their distribu- | 
tion, but doubtless future observers will be able to map out the | 
area more completely. One fact is quite clear; that the worms, 
in seeking the surface, migrate inshore in considerable numbers, | 
for I never, in the course of many dredgings, found a single 
example of Odontosyllis in Departure Bay itself. 

Recently Professor McMurrich has been kind enough to send 
me very interesting information which establishes the periodic 
appearance of the swarms of Odontosyllis. ‘The weather was very | 
unfavourable in 1912 and there had been a great deal of rain just | 
before August 18th. On that night, however, the weather was | 
fine, and on going out at 7.30 p.m. Professor McMurrich found 
Odontosyllis swarming at the surface as in the year before. | 
Dr Fraser again observed the phenomenon on the two or three 
evenings following. 

It seems certain, then, that the swarming of Odontosyllis | 
phosphorea takes place at Nanaimo at approximately the same 
date every year. In 1912 it occurred three days later than in 
1911, but this may possibly have been due to the unfavourable | 
weather. In 1911 swarming took place during the last quarter | 
of the moon and in 1912 at the beginning of the first quarter. In 
both cases the tide was full or just falling. The close proximity | 
of the Dominion Government Biological Station will allow of a close 
watch being kept on the circumstances of the appearance from | 
year to year, and I trust that the scanty data which I give here | 
will soon be supplemented. In particular I hope that enquiry | 
will be made as to whether swarming takes place at any other | 
period of the year*. i 

For some time I supposed that the phenomenon witnessed at 
Nanaimo had not been previously described in Odontosyllis, and it | 


* In the original description by Moore (loc. cit.) he states that the type 
specimens were labelled ‘‘Phosphorescent annelids caught at surface; Avalon | 
Bay, Catalina Island, evening, April 11, 1904.” This fixes a date for the swarming | 
of this species in California. 


) 
| 
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was with great interest that I discovered and read a paper by 
Galloway and Welch* on very similar phenomena in an Atlantic 
species Odontosyllis enopla. In the summer of 1904 this species 
was observed to appear in the surface waters of Harrington Sound, 
Bermudas, in considerable numbers and with striking regularity. 
The following dates of appearance are chronicled : 

July 3—7 reaching a maximum on the 4th, 

July 29—31 _,, rn 2 S 30th, 

August 23 (no further details), 


Five Fingers 
YM © 


Departure 
Bay. 


Newcastle 
Tsland. 


Cabriola 
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3 Mcles. 
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Qrea of sea bottom se whuck 3 
/phosphorea was Avedged . 
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weve observed 


Dien oF © ehosphorea.. 


so that there appears to be an interval of approximately 26 days. 
On the two first occasions when they were carefully observed they 
appeared each day within fifteen minutes of the same time just at 
twilight. The daily period of swarming lasted from 20—30 minutes. 
“Only a few appeared at first each evening. The numbers gradually 


WLLL) 


* Trans. Amer. Micr. Soc., vol. xxx. 1911, pp. 13-39. 
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increased to a maximum when scores might be seen at once. The 
display waned somewhat more suddenly than it waxed. 

“The males and females differ considerably in size, the females 
often being twice as long as the males....Both sexes are distinctly 
phosphorescent—the female with strong and more continuous | 
glow and the male with sharper intermittent flashes. 

“Tn mating the females, which are clearly swimming at the 
surface of the water before they begin to be phosphorescent, show 
first as a dim glow. Quite suddenly she becomes acutely phos- 
phorescent, particularly in the posterior three-fourths of the body, 
though all the segments seem to be lumimous in some degree. At 
this phase she swims rapidly through the water in small luminous _ 
circles two or more inches in diameter. Around this smaller vivid | 
circle is a halo of phosphorescence growing dimmer peripherally, 
This halo of phosphorescence is possibly caused by the escaping | 
egos together with whatever body fluids accompany them. At | 
any rate the phosphorescent effect closely accompanies ovulation 
and the eggs continue mildly phosphorescent for a while. | 

“Tf the male does not appear this illumination ceases after 
10 to 20 seconds. In the absence of the male the process may | 
be repeated as often as four or five times by one female at | 
intervals of 10—30 seconds. The later intervals are longer than | 
the earlier. Usually, however, the males are sufficiently abundant 
to make this repetition unnecessary; and the unmated females — 
are rare, if they are out in the open water. One can sometimes 
locate the drifting female between displays by the persistence of | 
the luminosity of the eggs; but the male is unable to find her in’ 
this way. : 
“The male first appears as a delicate glint of light possibly as | 

: 


much as 10 or 15 feet from the luminous female. They do not swim | 
at the surface as do the females, but come obliquely up from the | 
deeper water. They dart directly for the centre of the luminous circle, _ 
and they locate the female with remarkable precision when she is | 
in the active stage of phosphorescence. If, however, she ceases to | 
be actively phosphorescent before he covers the distance he is 
uncertain and apparently ceases swimming, as he certainly ceases 
being luminous, until she becomes phosphorescent again. When 
her position becomes defined he quickly approaches. her, and they 
rotate together in somewhat wider circles, scattering eggs and 
sperm in the water. . The period is somewhat longer on the 
average than when the female is rotating alone; but it, too, 1s 
of short duration. 

“So far as could be observed the phosphorescent display is not 
repeated by either individual after mating. Very shortly the worms 
cease to be luminous and are lost.” 

This is, I submit, a very remarkable account. In its general 
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| 
| aspects the swarming in this species resembles that in 0. phosphorea, 
we. in the appearance of great numbers of individuals at the surface 
of the sea at definite times of the year and at a definite period of 
the day in the neighbourhood of sunset. But the divergencies in 
the habits of the two species are very interesting. While O. phos- 
phorea first reaches the surface well before sunset, O. enopla is not 
seen till dusk has fallen. In this latter species, moreover, the 
phosphorescence, which is characteristic of most species of this 
genus, is developed to a most extraordinary extent and is adapted 
to serve as a means of sexual recognition. This is almost without 
parallel in the animal kingdom. It is, however, stated that the 
function of the phosphorescent organs in the Fireflies is to attract 
the other sex. In the case of the common glow-worm it is generally 
allowed that the male finds the female by means of her phos- 
phorescence. Mr J. C. F. Fryer has told me of a Lampyrid beetle 
in Ceylon, the female of which actually remains in deep holes, but 
that she emits a most powerful light from organs on the underside 
| of the abdomen, which is the better displayed by the flexion of that 
part of the body. As soon as the male approaches, however, the 
light dies down as in Odontosyllis. The account of O. enopla, 
which I have quoted above at length, shows, however, that we 
have among much lower animals almost as complex a phenomenon 
in which the production of phosphorescence is equally essential for 
the meeting of the sexes. It is possible, however, to make one 
criticism of the interpretation which is given above. This is that 
an arrangement to secure close approximation between the male 
and female of a marine worm would seem in general to be un- 
necessary for the successful propagation of the species. There is 
none such in O. phosphorea, and in the case of our two commonest 
‘British species of Odontosyllis, O. ctenostoma and gibba, the hetero- 
‘syllids seem to occur, not in swarms, but as scattered individuals, 
and probably discharge their eggs or spermatozoa when no other 
‘member of the species is near. In the only reference respecting 
the pelagic occurrence of these species that I am able to find 
Gravely* says: “The brown Odontosyllis (i.e. O. gibba) is frequently 
‘seen in the adult condition—occasionally accompanied by 0. cteno- 
stoma and sexual specimens of Autolytus and Myrianida—swimming 
at the surface of the sea at the mouth of Port Erin Bay and further 
out towards the Calf on calm evenings during July.” This passage, 
I think, clearly points to an irregular and sporadic occurrence. 
me if there are these considerable differences in the reproductive 
habits of the different species there must, I think, be equivalent 
physiological differences in the reproductive cells of the species. 
‘One would expect, from the elaborate devices practised by O. enopla 
to ensure fertilisation, that the independent life of the eggs and 
* Q. J. M.S8., vol. ti. p. 600. 
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spermatozoa of that species was very brief and that fertilisation 
must take place very shortly after dehiscence, while probably in 
O. gibba and O. ctenostoma the genital products can survive for — 
a much longer time in sea-water. 

In the literature of swarming amongst Annelids a majority of | 
the observations refer to the genus Nereis and show a great 
diversity of reproductive habits. Hempelmann*, who has in-— 
vestigated the case of NV. dumerilii very thoroughly, found that — 
at Naples heteronereid forms occurred at the surface of the sea 
from Ist October, 1908—15th May, 1909. From 15th May, 
1909—15th August, 1909 there were no heteronereids. The 
mature worms appear at the surface indifferently in the day or 
the night and usually occur not as swarms but scattered in- 
dividuals which discharge their eggs or spermatozoa when no 
other heteronereid is near. But on one occasion at least, on 
May 2nd, 1908, there was seen in the Bay of Naples a great 
swarm of NV. dumerilia and NV. coccinea. 

Similarly attention has been lavished on the heteronereids 
which are seen off the east coast of England. Sorby+t was 
accustomed to observe the phenomena in the summer throughout | 
a long series of years. On several occasions he saw immense 
numbers of heteronereids on the surface. The date, time and 
place of occasion of these are indicated in the following table :— 


23 May, 1885. N. dumerilu. In the evening at the | 
mouth of the Colne. 
16 July, 1898. A bs At 5 o'clock in the morn- ‘| 
ing at the mouth of 
the Stour and Orwell, 
the sea being covered 
with millions of worms, | 


11 May, 1882. NV. longissima. In the evening near Sheer- | 
ness. 

24 May, 1889. . 7 At the mouth of the. 
Orwell. 

9 September, 1889. a - In the evening at Queen- | 
borough. 


In twenty years Sorby only saw five such great swarms of 
nereids. He does not state that he ever observed isolated hetero-— 
nereids on the surface of the sea, and for this reason the record — 
of these English occurrences is lamentably incomplete. But his | 
observations go to establish several facts which Hempelmann’s more | 
thorough, but less extended, investigations give no clue to, viz.:— — 

* « Zur Naturgeschichte von Nereis dumerilii,” Zoologica, Bd. xxv. Heft 62, 1911, 


pp. 92 ff. 
+ Sorby, Journ. Linn. Soc., London, vol. xx1x. 1906. 
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(1) that these great swarms of nereids are only seen rarely ; 
(2) that they occur at almost any time of the day (at early 


‘morning, at midday* or in the evening) and nearly any period 
of the summer ; 


(3) that the date of swarming has no definite relation to the 


full moon. 


On the whole I think we are justified in stating that in J. 


dumerilu and probably other species the swarming habit is not 


fixed. Hempelmann has noticed a slight correlation between the 
appearance of the heteronereids and the phases of the moon, but 
this is by no means marked. There is no doubt from Hempelmann’s 
observations that the ascent of the sexually mature worms is due 
to a combination of causes which act throughout a long period and 
whose efficacy fluctuates considerably. 

Enough has been said to indicate the irregularity in period and 
time of the swarming of Nereis dumerili and other associated 
forms. ‘There is, however, at least one good case in the genus 
where an absolute periodicity has been established. I refer to 
NV. (Ceratocephale) osawat of Japant, the heteronereids of which 
regularly issue forth four times in the year in the months October 
and November, in 3—4 day periods. Their date of appearance is 
absolutely fixed for the days following the new moon. Their 
presence on the surface is limited to from one to two hours in 
the evening, but the time of appearance is by no means so 
definitely fixed as in the case of Odontosyllis phosphorea and 
enopla (sunset). They appear in fact well after sunset and often 
after moonset, so that the immediate stimulus would appear to 
be independent of the action of light. 

Other cases might be quoted, but I think my main contention, 
the diversity of swarming habits in Nerevs, is sufficiently proved. 

The phenomenon of swarming, at least in its final form, does 
appear to be of a definitely adaptive nature. The object is the 
fertilisation of the maximum number of eggs, and this is gained 
by the simultaneous emission of eggs and spermatozoa from a 
crowded mass of male and female individuals. Galloway and 
Welch found in O. enopla that of eggs collected in connection 
with the swarming worms from 45—80 °/, were already fertilised. 
In the case of the Atlantic Palolo worms, which turn the clear 
blue waters of the Tortugas into a thick milky mass with their 
eggs and spermatozoa, it is difficult to imagine how any of the 
eggs escape fertilisation. Yet Professor Mayer tells me that the 


* Mr William Brockett in the month of June, 1910, collected a rather large 
number of heteronereids off Mersea Island on the Essex coast between midday and 
two o’clock in the afternoon. 

+ Izuka, ‘‘ Observations on the Japanese Palolo Ceratocephale osawai,” Journ. 
Coll. Sc., Tokio, T. xxxvz. 1903. 
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eggs laid by females on the borders of the swarm are certainly not 
developed. 

How, then, does it come about that a species like V. dumerilii, 
the heteronereids of which become sexually mature at any time 


within a widely extended period, and in which the swarming habit 


is very indefinitely developed, is able to maintain its great numbers — 
and wide distribution. Not only is there no arrangement to ensure 
the simultaneous swarming of the sexes, but it has frequently been — 
observed in this and related species that large swarms consist of a 
single sex*. Under these circumstances there must be an enormous” 
waste. 

There is, however, one obvious explanation. NV. dumerilis is a 


polymorphic species, and according to the results of von Wisting-— 


hausen and Hempelmann all individuals have more than one 
period of sexual maturity. When they first reach a certain 
length the female lays eggs, within the tube she normally m- 
habits, to the number of 1000 or more. These are generally 
fertilised in the most economical manner by the male, who creeps 
into the tube and spreads his sperm over the eggs. It would seem” 
probable that this is the method most responsible for the main- 
tenance of the species, the production of sexually ripe heteronereids 
at a later period of life being a subsidiary (possibly incipient or 
degenerate) phenomenon. 

These comments on swarming in Odontosyllis and Nereis are 
only intended to illustrate the diversity in the habit existing 
among related forms. I have not attempted to discuss the thorny 


question of the part played by external stimuli or the possibility 


of an inherited rhythm in the organism. 


Note. Since writing the above I have had access to a paper 


by Lillie and Just (Biol. Bull., Feb. 1918) on the breeding habits — 
of Nereis lumbata. In this species swarming takes place quite | 
regularly in four runs during the summer corresponding to the — 


lunar cycles in the months June, July, August, September, occur- 


ring on many successive nights shortly after sunset and lasting — 


little longer than an hour. This is, then, an advanced case of the 
swarming habit, but the great interest lies in the fact that the 
female produces a substance which acts on the male causing the ~ 


emission of sperm. It will be of great interest to see whether the © 
distribution of this phenomenon is at all general or whether it 


% 


: 
) 


is a peculiar development of the swarming habit to ensure fertili- 


sation, like the mating relations in Odontosyllis enopla. 


* Cf. Sorby, Hempelmann, loc. cit. 
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| Further applications of positive rays to the study of chemical 
problems. By Professor Sir J. J. THOMSON. 


[Read 27 January 1913.] 


Tue author described the application of positive rays to the 
detection of the rare gases in the atmosphere. Sir James Dewar 
kindly supplied two samples of gases obtained from the residues 
_of liquid air; one sample which had been treated so as to contain 
| the heavier gases was found on analysis to contain Xenon, Krypton, 
_ Argon, there were no lines on the photograph unaccounted for, 
hence we may conclude that there are no unknown heavy gases 
in the atmosphere in quantities comparable with the known gases. 
~The other sample which had been heated so as to contain the 
lighter gases was found to contain helium and neon and in addition 
a new gas with the atomic weight 22, the relative brightness of 
the lines for this gas and for neon shows that the amount of the 
new gas is much smaller than that of neon. 

The second part of the paper contains an investigation of a 
new gas of atomic weight 3 which this method of analysis had 
shown to be present in the tube under certain conditions. The 
gas had occurred sporadically in the tube from the time of the 
earliest experiments but its appearance could not be controlled. 
After a long investigation into the source of this gas, it was found 
that it always occurred in the gases given out by metals when 
bombarded by cathode rays, a trace of helium was also usually 
found on the first bombardment. The metals used were iron, 
nickel, zinc, copper, lead and platinum; the gas was also given off 
by calcium carbide. Various experiments were described which 
illustrated the stability of the gas. 
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The chemical and bacterial condition of the Cam above and 
below the sewage effluent outfall. By J. E. Purvis, M.A., and | 


A. E. Rayner, M.A. 
[Read 24 February 1913.] 


THE river was investigated at various poimts extending from 
100 feet above the outfall and at 8 feet from the outfall: and at 


+ of a mile, 4 a mile, ? of a mile, 14 miles, 2 miles, 24 miles, 


3 miles and 4 miles below the outfall. 

Chemically, the river purifies itself moderately well from the 
contaminating effluent ; for at about 2 of a mile below the effluent, 
the albuminoid ammonia and the oxygen absorbed figures were 
lower than at 100 feet above the effluent outfall. 


Bacterially, the dangerous pollution, as indicated by B. coh, 


is well-marked at between 3 and 4 miles below the outfall. The 
potential danger of such contamination is in the direction of cattle 
quenching their thirst, of bathers, and of watercress. 
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On the optically active semicarbazone and benzoylphenylhydra- 
zone of cyclo-hexanone-4-carboxylic acid. By W. H. MILts, M.A., 
and Miss A. M. Barn. 


| [Read 24 February 1913.] 

THE semicarbazone of cyclo-hexanone-4-carboxylic acid can be 
obtained in an optically active form by crystallising its morphine 
‘salt from dilute alcohol, the highest value obtained for the 
‘molecular rotation in alkaline solution being [J/], 388°. The 
-benzoylpheny!hydrazone of the acid can similarly be obtained in 
an optically active form by crystallisation of its quinine salt from 
aqueous alcohol, the highest value found for the molecular rotation 
in alkaline solution being [/], 238°6°. 

These optically active compounds agree so closely in their 
behaviour with the optically active oxime of this acid previously 
described by the authors that there can be little doubt that the 
optical activity is due to similar causes in the three cases. 

The observations accordingly lend great support to the view 
that stereoisomerism in the sense of the Hautzsch-Werner hypo- 
thesis exists in the case of semicarbazones and phenylhydrazones. 


204 Prof. Pope and Mr Read, The ten Stereoisomeric, ete. t 


The ten Stereoisomeric Tetrahydroquinaldinomethylenecamphors. | 
By Professor Pope and J. Reap, M.A. 


[Read 24 February 1913.] 


THE two enantiomorphously related tetrahydroquinaldines con- 
dense readily with the two similarly related oxymethylenecamphors 
14 


8 
yielding products of the constitution, CyH,,N.CH : OC | . Sineem} 
CO 


each component of the condensation can be obtained in a dextro- | 
and a laevo-rotatory form, four simple optically active condensation 
products can be obtained; the configurations of these may be 
described by the following symbols, in which d- and |- represent — 
the configurations of the tetrahydroquinaldine residue and D- and — 
L- that of the oxymethylenecamphor nucleus. 

(1) d—D. (2) lL. (8) d—L (4) I-D. 

The two members of a pair of enantiomorphously related 
isomerides, (1) and (2), or (3) and (4), combine to form a double — 
or racemic compound, so that the following externally compen- | 
sated substances can also be prepared. ) 

(5) [d—D, 1—L], (6) [d—L, 1—D]. 

Amongst substances such as these, which contain two dissimilar | 
centres of asymmetry, six stereoisomerides of the above types are 
the only ones ordinarily obtainable but in the present instance - 
four more can be prepared. These are the two pairs of partially 
racemic compounds of the configurations stated below. 

(7) {dD} dye) 
(9) [d—D, 1D], (0) [I-—L, d—L}. 

No case has been previously recorded of the formation of 
partially racemic compounds in the manner just described and 
it would be anticipated that no resolution of externally compen- 
sated tetrahydroquinaldine into its optically active components 
would be possible with the aid of d- or l-oxymethylenecamphor. 
It is shown, however, that on treating externally compensated 
tetrahydroquinaldine with less than one-half an equivalent of 
d-oxymethylenecamphor a resolution can be effected because the — 
l-base condenses more rapidly than the d-isomeride with d-oxy- — 
methylenecamphor; under these conditions the condensation 
yields about 80 per cent. of the partially racemic compound (9) 
and 20 per cent. of the simple optically active substance (4) from 
which |-tetrahydroquinaldine may be separated. 
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Experiments illustrating flare spots in photography. By G. F. 
C. Seartez, Sc.D., F.R.S., University Lecturer in Experimental 
Physics, Fellow of Peterhouse. 


| [Read 24 February 1913.] 


— §1. Introduction. When light strikes a refracting surface, it 
‘is partly refracted and partly reflected. For glass of refractive 
index p, the ratio of the intensity of the reflected light to that of 
the incident light is (u — 1)?/(u +1)? for normal incidence and this 
ratio increases as the angle of incidence increases. For glass of 
‘refractive index 1°5 the ratio is 1/25. If the light suffers a second 
‘reflexion, the ratio of the intensity of the twice reflected light to 
‘that of the original light is 1/(25)? or 1/625. For 2n reflexions 
the ratio is 1/(25)”, which diminishes very rapidly as m increases. 

If a luminous point be placed on or near the axis of a lens, an 
‘image will be formed by rays which have passed through the lens 
without suffering reflexion. This is the ordinary image used in 
photography. A second and fainter image will be formed by rays 
which have been twice reflected and there are other images 
formed by rays which have been reflected 4, 6, ... times, but the 
latter images will be very faint unless the source of light is very 
powerful. 

When there are n lenses, the rays which suffer their first 
reflexion at the last air-glass surface can be reflected a second 
time at any one of the 2n—1 air-glass surfaces in front of the 
last surface. The rays which suffer their first reflexion at the 
last surface but one can be reflected a second time at any one of 
the 2n —2 surfaces in front of that surface, and so on. Hence, if 
NV be the total number of images formed by twice reflected rays 


N=(2n—1)+ Qn—2)4+...424+1=n(2n—-1). 
| 
Thus we have the results 


Number of lenses - 1 2 Bo eed ® 


Number of images formed by I & ie Los | 45 
twice reflected rays | cal 


In many photographic lens systems, two or more pieces of 
‘glass are cemented together with Canada balsam. The light 
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reflected at the cemented surfaces is inappreciable, and for the 
present purpose such a cemented component of a lens system is” 
to be considered as a single lens. It is only the air-glass surfaces 
which count. 

The image of any object formed by rays which have not) 
suffered reflexion in their passage through the lens will be called 
the primary image of that object, and any image formed by rays 
which have suffered two reflexions will be called a secondary image 


(Nebenbild) of the object. 


§ 2. Ghosts in photography. In photography the sensitive 
plate is adjusted so that the primary image of an object, ie. the 
image formed by rays which have not been reflected im their 
passage through the lens system, is sharply focussed upon it, | 
Thus, if S (Fig. 1)* be an object point on the axis of the lens. 


A 


VLLLIZZ 


i 
SW 


Fig. 1. 


system, the plate is placed in the plane GH which is normal to 
the axis and passes through the conjugate primary image point 7, 
If 7, be a real or virtual secondary image of S formed by twice 
reflected rays, the cone of rays which meet in 7, will be cut by 
the plane through 7’ in a circle of diameter GH. If T, is so far 
from 7’ that the diameter of this circle is greater than that of the 
sensitive plate, the intensity of illumination due to 7, will be very 
small and the only effect will be a slight uniform fogging of the 
plate. The effect is so small that the number of air-glass | 
surfaces has to be considerable before there is any serious fogging — 
due to all the cones of twice reflected light whose sections by the 
plane GH have diameters greater than that of the plate. | 
If, however, 7’, be close to J, the illuminated patch GH will 
be small and the illumination may then be sufficient to cause 
trouble. This small patch is known as a “ghost.” 
If a secondary image 7’, coincides with 7, any object in a plane 
normal to the axis and passing through S will have its corre- 
sponding secondary image in the plane GH. But the secondary 


s) 
Be at RAIL LR A OE I Ry ig SE 


* Fig. 1 is merely diagrammatic and does not show accurately the paths of 
the rays. 
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image will not generally be of the same size as the primary image 


and may even be erect when the latter is inverted. 
Thus when 7, coincides with 7, a faint secondary image of the 


objects to be photographed will be impressed upon the plate in 


addition to the primary image. Chapman Jones (Science and 


Practice of Photography, p. 248) states that he “has seen a 


portrait spoiled by an inverted image of the shirt front appearing 


over the model’s head.” 


The position and magnitude of any secondary image can be 
determined when we know the positions of the corresponding 
cardinal points, viz. the principal (or unit) points and the principal 
foci. To each pair of surfaces which act as reflectors there corre- 
sponds a set of cardinal points. When the lens system is of 
considerable length, the cardinal points corresponding to any pair 
of surfaces may occupy all sorts of positions. 

In the case of the secondary image described by Chapman 
Jones, the system behaved as one of negative focal length with its 
cardinal points so placed that it formed a real erect image of a 
distant object. A system of two thin convex lenses separated by 
a distance greater than the sum of their focal lengths behaves in 


the same manner with respect to a primary image. The system 
has a negative focal length and forms a real erect image of a 
distant object. 


§3. Flare spots in photography. ‘The rays which have been 
twice reflected may give rise to trouble in another way. The 
primary image of the stop R (Fig. 1) will be so far from the plate 
that its effects may be disregarded ; the image will generally be 
virtual. But when the camera is directed towards any landscape 
or other scene, an infinite number of rays passes in all directions 
(within limits) through every point of the opening of the stop, 
and thus this opening will behave as if it were a self-luminous 
disk which, however, only emits light towards one side. One or 
more of the secondary images of this equivalent disk, formed by 
rays which have suffered the first reflexion at some surface 
between the stop and the plate and a second reflexion at any 
other surface of the lens system, may be accurately or nearly 
focussed on the plate and so give rise to a well defined bright 
spot in the centre of the plate. This spot is known as a “flare 
spot.” 

For a given background, the flare spot image of the stop 
aperture will be of the same intensity whatever the size of the 
stop, at least in those cases where the second reflexion takes place 
at a surface behind the stop. But the intensity of the primary 
image of the background will be proportional to the area of the 
stop. Hence, although the flare spot image of the stop may be 
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too faint to produce a noticeable effect during the short exposure 
employed with a large stop, it may be quite strong enough to. 
produce a deleterious patch upon the plate during the long 
exposure required to obtain an image of the background with a 
small stop. There are many lenses which cannot be used with a 
small stop for this reason. A flare spot may be detected by 
watching the focussing screen as the opening of the stop is 
diminished, the camera being pointed towards the sky or other 
bright background. 

If the edges of the stop are bright, they may reflect light 
forwards and this light after being reflected at one of the surfaces in 
front of the stop, may come more or less nearly to a focus on the | 
plate. Since this light has suffered only one reflexion at an air- | 
glass surface, it may produce a strong image or at least a consider- | 
able fogging of the plate. The same remark applies to the tops 
of screw threads, which may have been worn bright, and to the 
edges of the lenses themselves. The defect may be cured by 
properly blacking the surfaces with good optical black. . 

| 
: 


§ 4. Haperiment with spectacle lens. A virtual flare spot 
is easily seen when a positive (convex) spectacle lens of focal — 
length f is placed before the eye. Ifa bright object such as a gas 
flame or the bright sky is viewed through a small hole cut in a | 
sheet of paper, a well defined secondary image of the hole will be | 
seen when the distance between the lens and the hole is about 
jf /7 (see § 7). The secondary image of the hole is virtual and at a 
considerable distance from the eye. By adjusting the position of - 
the hole the secondary image may be seen clearly at the same 
time as the flame. This corresponds to the case where a secondary 
image of the stop of a camera is focussed on the plate at the same 
time as the primary image of distant objects. 

If two pairs of spectacles are worn, six secondary images can 
be seen. 


§5. Thin lenses in contact. The positions and magnitudes 
of the secondary images of any object formed by a system of any 
number of thick or thin lenses can be calculated by repeated 
applications of the formulae for reflexion and refraction at spherical 
surfaces. When, however, the system consists of a single thin lens — 
or of two thin lenses in contact, the positions of the secondary 
images can be very readily calculated by the method of least time. — 
The experimental tests of the formulae can be made with simple — 
apparatus and form interesting exercises for students who have 
made a little progress in practical optics. 


§ 6. Focal length of thin lens. The application of the principle 
of least time to find the focal length of a thin lens is well known, 
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ut it will be convenient to give it here as the mathematical 
nethods can be transferred, with little change, to the solution of 
he other problems considered. 

_ Let AKB (Fig. 2) be a thin lens. Let S be a point source of 


Fig. 2. 


ight on the axis of the lens and let 7 be its image. Let the 
radii of the faces Ak, BK be a, b cm. and let the nelineiive index 
vf the lens be yu. The radii are counted positive wien the faces 
we convex, asin Fig. 2. Let the focal length be f em.; we shall 
‘ollow the rule of the practical opticians and count f positive when 
she lens is a converging one. Where convenient, capital letters 
mill be used to denote “ powers” or reciprocals of distances. Thus 


1 
i ee F, 
i 


a F cm. or 100 F dioptres is the “ power” of the lens. 


_ When spherical aberration is negligible, any spherical wave 
front (, which expands from S as centre, becomes, after passing 
shrough the lens, a spherical wave front 2D, contracting to 7’ as 
entre. Hence the time taken by light in passing from S to 7’ is 
she same for every ray—an example of the principle of Least (or 
Stationary) Time. 

Let M be the point in which the plane of the edge of the lens 
ntersects the axis. 

Let SM =u, MT =v and KM=h. 
Phe position of 7 is found by equating the optical length of the 
vath from S to 7’ for the ray which starts along SA to that for 
he ray which starts along SA. If X, Y be points on SK, TK 
uch that SY =SA and 7 Y =TB, the optical length of the path 
rom X to Y is equal to that of the path from A to B. Since the 
speed of light in glass is only uy times its speed in air, the optical 
ength of AB is w~AB. Hence the optical equation is 
RIECAE VEO es TAN Bn ep ope pp anoonenonons 6 (QD) 


i 
fee VOL. XVII. PT. II. 14 
i 
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Since the distance of M from the centre of curvature of AK is 
(a? — h2)?, we have 
AM =a ({1- J/1—h2/a%}, 
and similarly for BM. Expanding as far as h?, we find 
AM=th?/a, BM=th?/b. 
Hence AB=th? Q/a-+ 1/0) \oeeeeeee eee (2). — | 
Now, as far as /?, 


SK =Vw+h=ut $l/u, TK =Vv +h? =v04+4h/0, 


SX =SM-AM=u-3hJa, TY =TM-—BM=v0-4}h]b. — | 
Hence KK =SK-SX=J( jus Von (3), 
KV =TK—TY =i Ajo 21) (4). | 

) 


Multiplying the optical equation (1) by 2/h? and substituting from | 
(2), (3) and (4), we have 
(L/w +1/a) + (1/v + 1/6) = » (A/a + 1/0), : 


or é Ljutdjo=(e2— 1) A/a + 1/0) See eee (5). 
Hence, the focal length is given by : 
Uf=(e—1)je+1)) (6), 
and the “ power” /’ by 
Fl =1)(Q/e + 1/) eee (7). 


§7. Secondary image with thin lens. Some of the light from 
S (Fig. 2) which falls on B& will be reflected and will strike AK. 
Here it will be again reflected and then, on refraction at BK, it 
will pass out of the lens, forming a secondary image of S at 7. 
Let UT, = 2p. 
If Y, he on 7,K and if T,Y,= T,B, the optical equation is 
XK KY, = 3a B 2. eee (8), 


since the light which moves along the axis has traversed the 

thickness of the lens three times. This equation only differs from 

the optical equation (1) corresponding to the primary image by 

having 3 in place of w and v, in place of v. Hence the method 
of § 6 gives at once 


1/u + 1/o,= Be — 1) (a + 1/b)ee eee (9). 
Hence, if f, be the focal length and F, the power of the lens for 
the secondary image, 


cates ee einer eyes il’ Tl 
2 Sea (5+ |= ek: 10), 
and ho veeiesd ee (11) 
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‘The symmetry of (9) shows that if 7, is the secondary image of S, 
‘then S is the secondary image of 7. If w=1°5 we have f, = 

: If we measure both f and f,, we can find «~—1 from the 
equation 

| ee ON 2F 1 
be a aap = yp ere ee (12). 


: The method can be applied at once to rays which have suffered 
A, 6 ... reflexions. If F,, be the power for rays which have been 
| ected 2n times, 


(Ziasp ll) josh 


jp Al P. 


Dy, = 


$8. Images by once reflected rays. Two images of S will be 
formed by rays which suffer a single reflexion. One image will 
be formed by reflexion at the surface AK. With this we are not 
here concerned except when that surface is concave; in that case, 
if S be placed at the centre of curvature of AK it will coincide 
with its own image. 

A second image, S, (Fig. 2), will be formed by rays which have 
suffered one reflexion at BK and two refractions at AK. Let 
S,M = u, and let uw, be positive when the image, Sj, is real. 

If X, he on 8,& and if SX, =S8,A, the optical equation is 

AK + KX, = AB. 
Multiplying this equation by 2/h? and using the results of § 6, we 
have 
(L/w + 1/a)+ (1/um + 1/a) = 24 (1/a + 1/6), 
or 1/u + 1/u, = 2(w—1)(1/a + 1/b) + 2/b = 2/f + 2/6. 
If S be adjusted so that the image S, coincides with S, and if 
p denote the common value of wu and wu, in this case, 


iP = lifes (ies lye Myr to TD ecoccogeas (13). 
Similarly, if an object at a distance g from M on the other side of 
the lens coincides with its image formed by rays reflected once at 
AK and refracted twice at BK, 


a lips Wy iso Wlisaco suadecobobosaceen (14). 
Adding (13) and (14), we have 
Up + 1/q=2/f+ A/a + 1/b) = {2 + 1/(u— 1}. Uf 
Thus, if p, g and f are known, we can find »— 1 from the equation 
Iie F 
—-l= Se ‘ 
aio PhO lr 
The value of ~—1 found by (15) from f, » and qg can be compared 
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with that found by (12) from f and f,. If we equate these two 
values of «—1, we obtain 


21 PA) ae cence (16). 


Fig. 3. 


Equation (13) can also be obtained as follows:—Since S coincides — 


with its own image, the ray SGH (Fig. 3) must be normal to the 
surface BK. Hence the emergent ray HZ is directed from O, the 


centre of curvature of BK, and thus O and S are conjugate — 


i 


poits. When the lens is thin, we may put MO=b and MS=p. — 


Then 
Up —1/b=1/f 


which agrees with (13). The method of determining the radius b 


by making an object S coincide with its image by reflexion at BK ~ 


is due to C. V. Boys. 

If BK be so strongly concave that 1/f+ 1/b is negative, p will 
be negative and then it will be impossible to make a real object 
coincide with its own image, and Boys’s method cannot be 
applied. Since, however, the surface BX is concave, the radius b 
can be found directly by making an object on the B-side of the 
lens coincide with its image by reflexion at BK. If AK be 
smeared with vaseline, no image will be formed by reflexion at 
AK and thus confusion will be avoided. 


§ 9. Haperimental details. A spectacle lens (price 9d.) is 
suitable for the experiment; its primary focal length should be 
considerable—say, a metre,—so that its thickness may be neg- 
lected without much loss of accuracy. The primary focal length f 
is found by aid of a very distant object (500 metres) or of a good 
plane mirror, or by measuring the distances of an object and its 
image from the lens. An ordinary optical bench will not be long 
enough to allow the focal length to be conveniently found by the 
minimum distance method. 

The secondary focal length /, is found on an optical bench 
(Fig. 4). One of the sliding carriages of the bench carries a tube 
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blackened internally, and the lens is attached to this tube*. A 
second carriage bears a plate pierced by a pinhole and furnished 
with cross-wires S. The hole is illuminated by a flame. The 
third carriage bears a pin 7’ which may conveniently be adjustable 
in a plane perpendicular to the length of the bench, and T is 
adjusted to coincide with the secondary image of S. In making 
the adjustment, a lens of about 15 cm. focal length, held in a clip, 
is of much assistance. 


Fig. 4. 


The secondary focal length is best found by the minimum 
distance method. The minimum distance between the cross-wires 
and the secondary image is 4/, + ¢, where t is the distance between 
the principal points corresponding to the secondary image. The 
lens being “thin,” ¢ is negligible and hence the minimum distance 
may be taken as 4/f,. 

The measurement is very quickly made if S is placed at about 
27/7 from the lens; the secondary image of the cross-wires will 
then be at a distance of about 2//7 from the lens on the other 
side. The minimum distance is then easily found. 

The distance p is found by making a well illuminated pin 
coincide with its own image when the face A of the lens is 
turned towards the pin. A black surface should be placed behind 
the lens. The distance q is found in a similar manner. 


810. Practical example. The following results were obtained 
in an experiment by J. L. Barritt. A double convex spectacle 
lens of a nominal power of one dioptre was used. 


Primary focal length (found by plane mirror) = f= 101-85 cm. 
Hence, power = F'= 1/f= 0009818 em.~'= 0-9818 dioptre. 

Minimum distance between object and secondary image = 4/, = 59°62 
em. Hence /,=14:905em. and F,=1/f,=0-06709 cm... Thus, by 
(2), S 7, 
yy 1 29-81 


Pig earn ae SCE 7 


15218. 


* Fig. 4 shows two lenses attached to the tube for the experiments described 
in § 12. 


14—3 
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Distance from lens of pin and coincident image formed by light 
reflected at BK =p=51:90 em. Hence P= 1/p=0:019268 cm.™. 
Distance from lens of pin and coincident image formed by light 
reflected at AK =q = 52°38 cm. Hence Y=1/q=0-019091 cm... Hence, 
by (15), §8, 
Ff 0:009818 


— - = = ———————ux—_— = 5 9 5 
Le pea =e ao) ONT DS wee 


This value agrees closely with that obtained from the secondary image. 


Also 2(P+Q)=0:07672cm.+ and £+¥,=0°07691cm.~. By 
(16), § 8, these two quantities should have the same value. 


§11. Secondary focal lengths for a system of two thin lenses 
in contact. Let AKB, CLD (Fig. 5) be two thin lenses in contact. 
Let the radii of the faces AK, BK, CL, DL be a, b, c, d, the radu 
being counted positive when the surfaces are convex, as in Fig. 5. 
Let the planes KM, LN through the edges of the lenses cut the 
axis in M, N, and let MK =NL=h. Let S be a luminous object 
point and let 7, be one of its secondary images formed by rays 
which have suffered two reflexions in their passage through the 
system. Let SM=u, NT,=»,. Let the refractive index of the 
lens AKB be p and let that of the lens CLD be wp’. 


The position of T, is found by making the optical length of 
the path from S to 7, for the ray which starts along SK equal to 
that for the ray which starts along SA. 

Since the lenses are “thin” and since the angle KSA is 
“small”, the ray between K and L is never inclined to the axis at 
more than a “small” angle, and consequently the optical equation 
will be, to the accuracy required, the same as if the path of the 
ray were actually SKLT,. 

If X, Y, be points on SK, TLL such that SX =SA and 
T,Y,=T,D, the optical length of the path from X to Y, is to be 
equal to that from A to D. 
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Now, by the methods of § 6, we have 
SKkK=u+de/u, TL =v, + th?/v, 
SX =SM—-AM=u-4?/a, T,Y,=T,N— DN =», — eld. 
Hence 
AK =SK — SX = th? (1/u + 1/a) 
LY, =T,L — T,Y, = 4h? (1/v, + 1/d). 
We have also 
AB=th? (1/a+1/b), KL = $h? (1/b + 1/c), CD= 1h? (1/c + 1/d). 


When we equate the optical length of the path wia K to that 
via A in each of the six cases, we obtain the following six 
equations; the symbols [DC], [DB]... indicate the two faces which 
have acted as reflectors*. 


[DC] TUR fe ROY JN, = PAB +3nCD 
[DB] RRL ID ey Os AUB SMO 
[DA] NIC Th TUNG, NG yn US OD) 
[CB] NG OeD enV OED =, ABE i OD) 
[CA] TOC A Fh 4 J 4 DIRT SDS WOE 
[BA] STR a GD 2756 =3yAB+ wCD 


Let the primary focal lengths of AK B, CLD be m,n cm. and let 
the corresponding powers be M, N cm... Then 


(w—1)(1/a+1/b)=1/m=M, (w—1)(1/e+1/d)=1/n=N. 


Let the secondary focal lengths of AA B, CLD be m,, n, cm. and 
let the corresponding powers be M,, N, cm... Then, by § 7, 
(84-1) Ga +1/b)=1/m,=M,, Bp’ —1) Ale + 1/d) = 1m, =N,. 
Let — 2(1/b + 1/c) =1/w = W. 
It is worth noting that w is the secondary focal length of a “thin” 
lens of refractive index unity and radii 6 and c, the surfaces being 
concave in the case of Fig. 5. The primary focal length of such 
a lens is infinite. An optical system formed by air enclosed 
between two spherical soap films is a very close approximation 
to such a lens. 

Let f, be one of the six secondary focal lengths and F, the 
corresponding secondary power of the system, so, that 


Ji, = Wij = Wien Fel. 
Then, when the six optical equations are multiplied by 2/h?, we 
obtain the following values for the six secondary powers:— 


* A more general method, applicable to any number of thin lenses in contact, 
is given in § 14. . 


216 Dr Searle, Experiments illustrating 

[DC] Foo =1/foo=M +N, 

[DB] Fozp=1/fpp=M + N.+ W 

[DA] Fo4=1/for= M+ N2+ W 

[CB] Fong =1/fop =$M +N 4+W i 
[CA] Fo, =1/fo4=M2+N + W 

[BA] Foz=1/fe,= M+ N. 


If the lenses are such that each of the six secondary powers of 
the system is positive, it will be possible to obtain six real secondary 
images of a real object. 


A convenient system is obtained by using two meniscus lenses ~ 


of positive powers, and placing them in contact so that their 
concave surfaces face each other. Then M, N, M,, N, are positive 
and, since b and ¢ are negative, W is positive. To avoid coin- 
cident images, M and WN should be unequal. Meniscus lenses are 
used in spectacles, under the name of “ periscopic” lenses. 


§ 12. Haperimental details. The six secondary images are 
readily observed if the system consists of two positive meniscus 
spectacle lenses (price 9d. each) placed in contact, with their 
concave surfaces facing each other. The following description 
refers to this case. 

The primary and secondary focal lengths of each lens are 
found just as in § 9. 

The radius of curvature of the concave surface of each lens is 
found by making a pin coincide with its image formed by reflexion 
at that surface. The convex surface is smeared with vaseline to 
stop reflexion there. The common distance of the pin and its 
image from the surface is equal to the radius. Since the surface 
is concave, a square-ended scale cannot be used to measure the 
distance; a proper appliance must be used. 

The two lenses are then mounted on the tube as in Fig. 4. 
When S is sufficiently far from the lenses, the six real secondary 
images of S will be easily seen on looking through the system 
towards S, provided the eye be far enough from the lenses. If 
the images are very small, they may be increased in size by 
bringing the lenses nearer to S. If, however; the distance is 
made too small, some or all of the six secondary images will 
become virtual. 

The six secondary focal lengths are best found by the minimum 
distance method. It is best to begin with the one of shortest 
focal length. 

It is impossible to tell by the appearance of any particular 
secondary image which two surfaces have acted as reflectors for 
that image, as long as the lenses are fiwed together. But if we 


B 
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calculate the six secondary focal lengths from the quantities 
M, N, M,, N, and W by §11, we shall find that one of the 
observed values of the six secondary focal lengths will agree with 
any selected one of the calculated values, and so we can decide 
which two surfaces acted as reflectors in each case. 


813. Practical example. The following is a record of 
measurements made by G. F. C. Searle, using two meniscus 
spectacle lenses of nominal powers of one dioptre and of one-half 
dioptre. Barlow’s tables of reciprocals were used; the powers are 
given to the nearest 0:00001 cm... 


The primary power of each lens was found from the distances of 
an object and its image from the lens. 


The primary power of AX B; w=767°6 cm., v=111°36 cm. 
Hence 
M=1/u + 1/v = 0:001303 + 0:008980 = 0:01028 cm.~' = 1-028 dioptre. 
For primary power of CLD; w=633°5 cm., v= 306-7 cm. 
Hence 
N =1/u+1/v = 0-001579 + 0:003261 = 0:00484 cm.* = 0-484 dioptre. 


The secondary power of each lens was found on the optical bench 
by the minimum distance method. 


For secondary power of AX 4; minimum distance = 4m, = 56:48 cm. 

Hence M,=1/m,=1/14:12 = 0-07082 cm.-1. 

For secondary power of CLD; minimum distance = 4n,. = 120°58 em. 

Hence WV, =1/n, =1/30-145 =0-03317 em.-1. 

Radius 6 of lens AK B = — 46°44 cm. 

Radius ¢ of lens CLD = — 35°18 cm. 

The signs are negative since the surfaces are concave. 

Hence W=—2 (1/6 + 1/c) =2 (0021533 + 0028425) = 0-:09992 cm.~?. 
By § 11, the six secondary powers of the system are given by 

the following equations: 

Poo = M +N, = 001028 + 0:03317 = 004345 em.“4. 

Pyp=M +N, + W=0-01028 + 0:03317 + 0:09992 =0:14337 cm.-1. 

F,,4=M,+ N,+ W =0-07082 + 003317 + 0:09992 =0°-20391 cm.-1. 

Fo, =M +N + W=0-01028 + 0:00484 + 0:09992 = 0-11504 cm.7. 

Po, =M,+N + W=0-07082 + 0-00484 + 0:09992 =0°17558 cm. 

F,,=M,+N = 0:07082 + 0-00484 = 007506 aii. 


The following table gives the minimum distance between the cross- 
wires and each of the secondary images. The corresponding focal 
length, f,, is one-quarter of this distance and the corresponding power 
Ff, is 1/f,. The power calculated from M, NV, M,, N., W is entered in 
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the last column but one and the last column shows which two sur faces 
acted as reflectors. 


Minimum Focal Observed Calculated 
distance length power power Reflectors 
em. cm. em.—! em. 

19°46 ~ 4:865 0:20555 0:20391 DA 
22°82 5705 0-:17528 0:17558 CA 
2D 6:978 0:14331 0:14337 DB 
34°76 8690 PIL 0 // 0-11504 CB 
53°22 13°305 0:07516 0:07566 BA 
91-86 BIE NSD 0:04354 0:04345 DC 


It will be seen that there is tair agreement between the observed 
and the calculated values of the secondary powers. 


§14. Secondary focal lengths for a system of n thin lenses 
in contact. The method of § 11 is easily extended to n thin 
lenses in contact. Let P (Fig. 6) be the object and Q a secondary 
image. let the lenses be A,K,B,, A,K,B,...A,K,B,. Let 
f4,--- Pn be the refractive andiees and i alt Bee) fs dae powers of the 
lenses. Let the radii of the surfaces of the lenses be ‘ay, 0; c/a One 
the radii being counted positive when the surfaces are convex as 
in Fig. 6. Let the distance of the edges K,... K,, from the axis 
be h. Let X, Y be points on PK,, QK, such that PX = PA,, 
OV = 057, Let the planes of the edges of the first and last lenses 
cut the axis in M,, M,; let PM, = u, “hn let QM, = v. 


Since F, = (w, — 1) 1/a, + 1/0,) and since A,B, = 4h?(1/a, + 1/6,), 


we have 


A, By = $h2F;/ (pa. — 1), 
and similarly for the other lenses. 
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If W,,=—2(1/b, + 1/a.), Wo3=— 2(1/b, + 1/as), ..., we have 
GIy = OP Vio, IEG a at UI oe nO 
Further, as in § 11, 
XK, = tA /u+1/a), YK, =4(1/v + 1/b,). 
Now let = denote summation for all the quantities of any type 
and let S denote summation for only those quantities which refer 
to spaces through which a ray has passed three times. 
The optical length of the path from X to Y is equal to that 


from A, to B, (see § 11) and hence, if we omit the common factor 
+h, the general optical equation becomes 


Wee Sines tg 
Oh: Git Pee aN Oo w—l w—1 
2 
or +. +5(-+;)-8W=> oe fue ae 
Ww v @ lb wool. ~ p-l 
Since for any lens 
alah Coe 
Gad 
we have 
5 ME -=(- == 
= ad mee 
and hence 
ee Ss se Si Bae mates as (17). 
Ue) j= Il 
For any lens 
2uF Byu-1 
P+ = F'=secondary power of lens. 


w-l p-l 
Further, by § 11, Wi, W.s;, ... are the secondary powers of the 
successive air spaces, and hence the result (17) can be expressed 
in words as follows: 


Secondary power of system={Sum of primary powers of 
lenses traversed once} + {Sum of secondary powers of lenses 
traversed three times} + {Sum of secondary powers of air spaces 
traversed three times. 

The six secondary powers found in § 11 for a system of two lenses 
are particular cases of this general result. 

If the lenses are so chosen that the primary power of each is 
positive and the value of every W is positive, all the secondary 
powers of the system will be positive. 

When the lens used in § 10 is placed between the lenses used 
in § 13, the fifteen secondary images are easily seen. 
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Sarcocystis coli, n. sp. a Sarcosporidian occurring in the 
Red-faced African Mouse Bird, Colius erythromelon. By 
H. B. Fanruam, D.Sc. Lond., B.A., Christ’s College, Cambridge. 


[Read 5 May 1913.] 
(PuatE V.) 


Introduction. 


THE “red-faced” African mouse bird, Coliws erythrometon, is 
of interest to the naturalist on account of its creeping habit. This 
small bird is a forest dweller, is not particularly shy, has a general 
greenish coloration in harmony with its surroundings and 
possesses buff feathers on the head, while the eye is surrounded 
by a scarlet ring of bare skin. A fine crest is on the head of the 
bird. 

It has a new interest to the parasitologist, for I have in my 
possession a skinned specimen of the bird showing a heavy infec- 
tion with a new Sporozodn, which I name Sarcocystis coli, since 
it presents several morphological features distinct from those found 
in the Sarcosporidia of other birds. Further, as Colies are con- 
sidered by Kaffirs as good eating, it is possible that they are 
a source of sarcosporidiosis in man. 

The Sarcosporidia are most frequently found in mammals 
(including man), but they have been noted as occurring in fowls, 
ravens and blackbirds, and the spores of the species (S. rileyt) 
occurring in the duck have been described in some detail by 
Crawley (1911). A few other avian hosts have been recorded by 

Stiles (1893), but details are not known. 
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Macroscopic Appearance of the Parasite. Its Distribution 
an the Host. 


The Colius was sent to me for examination by Mr J. W. 
Cutmore, taxidermist to the Liverpool Museum, to whom my best 


thanks are due. The bird had been skinned recently and was — 


quite fresh. Superficially it showed a number of elongate, white, 
opaque patches or streaks, distributed over the body surface, in 


the muscles (Pl. V). Teased in normal saline solution, one of these — 
patches showed large numbers of perfect Sarcosporidian spores. — 


The opaque bodies, then, were the large trophozoites of the Sarco- 
sporidian, commonly known as Miescher’s tubes or sarcocysts. 

The parasites were seen superficially scattered over almost the 
entire body surface. Concentrations occurred along the cervical 
muscles near the oesophagus, the inter-coracoidal region, the in- 
sertion of the humerus and scapula, the muscles around the maxilla 
and near the preen glands of the tail. The areas around the 
insertion of the limbs were more heavily parasitised than their 


distal extremities, the dorsal surface containing more Miescher’s — 
tubes than the ventral. Parts bearing long quills, such as the — 


muscles around the ulna, contained few or no parasites. 


When the bird was opened the whole thickness of the breast 
muscles was seen to contain numbers of tubes, lying parallel to the - 


long axis of the muscles. They had also penetrated the inter- 
costal muscles and formed whitish streaks on the endothelial lining 
of the body-cavity. The bases of the abdominal muscles showed 
parasites on their peritoneal surfaces. The pericardium, connective 
tissue around the carotid arteries and jugular veins and the 
mesentery of the intestine also contained a few scattered tropho- 
zoites. The cardiac muscles contained a large number of tubes 
of smaller size than those in the pectoral muscles. 

The most heavily parasitised region of the body was the large 
pectoral muscles. The right and left sides of the body seemed to 


contain about the same number of Miescher’s tubes. The general — 
dorsal surface (Pl. V) showed rather more trophozoites superficially — 
than the ventral, but the enormously increased volume due to the ~ 
pectoral muscles gave a preponderance of parasites on the ventral — 


part of the body. 
The effect of the parasite on the host is doubtful. While the 


bird showed no very obvious external signs of disease, yet there 


was no fat on the body nor around the viscera. The walls of the 
heart appeared somewhat thin, compared with those of an un- 


parasitised bird. It is known that Sarcosporidia produce a toxin, 


sarcocystin, lethal to rabbits. 
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I am informed that the bird was not noticeably infected with 
ectoparasites, and so no indication as to the transmission of the 
parasites is available from that source. 


Structure of the Parasite. 


A brief account of the morphology of the parasite may now be 
given. When a fresh preparation of a teased Miescher’s tube is 
examined the spores, sometimes known as Rainey’s corpuscles, 
appear as elongate, sickle-shaped bodies with a clear centre and a 
distinct refractivity. The general cytoplasm seems homogeneous, 
though a vacuole may be present. One end of the organism is 
more pointed than the other. The spores examined by me 

exhibited very little power of progression. 

Stained smears and sections show that the trophozoites present 
an elongate, tubular body with a definite envelope and a chambered 
or trabeculate structure. Various stages of the organism can be 
recognised. The large trophozcites contain numerous spores. 
Certain of them are solid owing to the spores practically fillimg their 
‘Interior, but the oldest and longest of them show a hollow centre, 
_as the spores there die and degenerate, leaving only the trabeculae. 
By the dehiscence of the tubes of the muscular system, invasion of 
the connective tissues is brought about. 

Large Miescher’s tubes are 2°5 mm. in length and have a 
breadth not exceeding 1 mm. They occur in the skeletal muscula- 
ture. The cardiac muscle contains much smaller tubes, possibly 
the result of the less size of the cardiac muscles invaded, as well 
as the possibility of younger trophozoites being present there. 
The Miescher’s tubes are easily seen in sections of infected tissue 
as they show great affinity for basic stains. Further details of the 
parasite as seen in sections will be given in a later publication. 
| The internal structure of the sickle-shaped spore, as seen in 
stained preparations, may be briefly outlined. Polymorphism 
occurs among the spores, at least two types being distinguishable : 
the one, narrow with more deeply staining contents, the other 
broader with paler contents. These spores are about 5 to 7m 
long, while their breadth varies from 1:5 w to 25. The dimor- 
phism may be due to growth and division. Occasionally “ giant ” 
Spores are seen. The nucleus is not central but is near the blunter 
end. The structure of the nucleus varies. Sometimes itis vesicular 
with a karyosome, which may be central or excentric. At other 
times the chromatin is evenly distributed in granules throughout 

the nucleus. The differences in arrangement of the chromatin 
are due to cyclical development. Near the more pointed end of 
the spore a polar vesicle is often seen, and sometimes the remains 
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of a capsulogenous nucleus can be distinguished. A few well- ; 
stained specimens have shown portions of probable polar filaments. — 


The commencement of protrusion of a filament has been followed. 


The polar capsule is seen as a vacuole in preparations stained — 


intra vitam. Some spores show a curious sinuous line which might, 
perhaps, be compared with the sutural line of a Myxosporidian 
spore. Such a sinuous line is not to be confused with longitudinal 


division, which has been clearly followed in numerous, broad, bean- | 
shaped spores. It should be mentioned that the spores show no ~ 


marked metachromatic granules, nor have they the complicated 
structure described by Crawley for S. rileyz from the duck (see 
Fantham and Porter, 1912), 


On account of the polymorphism and somewhat small size of 


the spores, the lack of marked metachromatic granules, and the 


1 
; 
: 


presence of a definite polar vesicle, I propose the new specific — 
name coli for this example of the genus Sarcocystis. Perhaps 


in the future, when our knowledge of the Sarcosporidia is more 


complete, it may be found advisable to place S. colw in an older | 


species, but at present it certainly possesses several clear, distin- 
guishing features. 
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EXPLANATION OF PLATE V. 


Dorsal aspect of Colius erythromelon, showing the distribution of trophozoites — 


of Sarcocystis coliit. Approximately natural size. 
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Observations on Hirneola auricula-judae, Berk. (“ Jew’s ear”). 
(Preliminary communication.) By M. J. LE Goo, B.A., Fitzwilliam 
Hall (University Frank Smart Prizeman, 1912). (Communicated 
by Mr F. T. Brooks.) 


[Read 28 April 1913.] 


FRIES refers to the Jew’s ear fungus as “antiquitus celebrata.” 
This celebrity of the fungus was due to its supposed medicinal 
properties ; for, on account of its fanciful resemblance to the fauces, 
it was frequently used as a cure for sore-throats in the days when 
the external form of a plant was thought to be a sufficient guarantee 
for its therapeutic quality. According to Berkeley, it was occa- 
sionally sold at Covent Garden for such a purpose as late as 
LSby Ga 

The Jew’s ear fungus received several different names: 7’remella 
auricula-judae*, Haidia auricula-judae}, Eaidia auriformis, Auri- 
cularia sambucinat, etc., until Fries and Berkeley fixed the name 
Hirneola auricula-judae§. Hirneola is derived from “hirnula,” 
a small jug; “judae” refers to the host, the Elder tree, on which 
the legend represents Judas as having hanged himself; while the 
name “auris,” ear, has been attached to it throughout its history 
on account of the ear-like form it often assumes. The popular 
name of “Jew’s ear” is a corruption of Judas’ ear. 

The only person who has hitherto investigated the biology of 
this fungus is Brefeld, whose work was confined to a study of the 
germination of the spores and the structure of the fructifications||. 
Mr F. T. Brooks suggested that I should attempt to establish pure 
cultures of this fungus and investigate some points of its biology 
which have hitherto been obscure. 

As is well known, the Jew’s ear fungus belongs to the 
Auriculariaceae, a group of the Basidiomycetes characterised by 
transversely-septate basidia arranged in a definite hymenium which 
becomes freely exposed during spore formation. 

This fungus is of world-wide distribution and is of frequent 
occurrence in the neighbourhood of Cambridge. Most of the 


* Lin. spec. (1625). 

+ Fr. Syst. II. p. 221; Berk. Cryptogamic Botany (1857), p. 355. 

+ Mart. Hrl. p. 459. 

§ Fr. Fung. Nat. p. 24; Hym. europaei, p. 695 (1874); Berk. Outl. of Brit. 
Fung. p. 289 (1860). 

|| Brefeld, Untersuchungen aus dem Gesammtgebiete der Mykologie, vu. Heft, 
pp. 70-76. 
| {| Fuckel, Symbolae, p. 29; Winter, Pilze, p. 283. 


226 Mr Le Goc, Observations on’ 


material used has been collected from the vicinity of Byron’s Pool. 
It is found abundantly on Elder bushes both living and dead, and 
also on dead branches and trunks of Elm trees in moist places. It 
has been suggested that the Hirneola growing on Elm is not 
perhaps identical with the Hirneola which lives on Elder: the 
hymenium is decidedly freer from folds, but as a matter of fact 
spores from Hzrneola on Elder have germinated quite easily and 
are growing quite happily on blocks of Elm wood. It is usually 
stated that the fructifications reach a size varying from 4 cm. to 
7 cm. in diameter*; but it is often much larger and a specimen 
collected in this locality measured 21-6 cm. by 12 cm. 
_ The fructifications which are gelatinous under moist conditions 
shrivel to black, horny masses in a dry atmosphere. In this form — 
the fungus remains alive for at least five months, because after 
this interval it revives again when moistened and produces an 
abundant supply of spores—as in the case of Stereum purpureum 
and some other fungi. 

If a fructification which has been moistened is suspended over 
a sterilized glass slide, spores are produced after an interval of 
some 10 hours and fall on the slide where they form a thick white 
deposit. They can then be transferred into tubes of sterilized 
water or directly picked up with a platinum needle and used for © 
cultures. 


Germination of spores on the fructification. 


If the fruit body is kept moist for two or three days and the 
spores allowed to accumulate on its surface, it is often found that 
the spores germinate in situ. The mycelia reach a considerable 
length and in time form roundish protuberances projecting from 
the surface of the fructification. These projections prove to be 
webs of hyphae entangled together and enclosing a large number 
of ungerminated spores in a good state of preservation. The 
hyphae themselves soon undergo a process of disintegration; the 
glycogen contained in them breaks into small globules, regularly 
arranged in a chapelet which simulates a chain of “oidia.” The © 
ungerminated spores look healthy after an interval of more than ~ 
three months and are capable of germination. 


Germination of spores in liquids. 


The spores can be cultivated in hanging drops in sealed 
cells and easily observed under the microscope. Under these 
* Massee, Diseases of Cultivated Plants, p. 404. 


+ Brooks, F. T., ‘‘Silver-leaf Disease,” Journ. Agric. Sci. Vol. tv. p. 143; 
Buller, A. H. R., Researches on Fungi, p. 106. 
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conditions germination has not been observed in distilled water, but 
in Elder-wood decoction it occurs occasionally. However, if a drop 
of the decoction is laid at the bottom of the same cell instead of 
being suspended from the cover glass, germination occurs regularly. 
The probable explanation of this anomaly is that the spores, being 
heavier than the liquid, fall to the bottom; thus in the case of 
the hanging drops the spores are only partially immersed, and 
osmosis is not carried out in the proper manner. In tubes or 
watch glasses the spores germinate very readily 1a Elder-wood 
decoction and occasionally in distilled water. 

The hyphae grow rapidly, reach a considerable length, branch 
freely, and when the food and aeration have become deficient, they 
undergo disintegration ending in the formation of abundant drops 
of glycogen. 

Here I must note some divergences with Brefeld’s results. In 
the first place, Brefeld found that eight days immersion or more 
were required for the germination of spores*, while my observations 
show that two or three days are sufficient ; after this interval large 
drops of glycogen develop in any ungerminated spores which at 
a later stage become ruptured and emit their contents. Secondly, 
Brefeld describes as of regular occurrence the formation of conidia 
on the germ tubes of the spores+. Such bodies have never been 
observed during the whole series of my experiments. 


Pure cultures of the fungus. 


(a) Cultures in decoctions of Elder-wood +agar or gelatine. 
The Elder-wood decoction has been solidified with 2°/, agar or 
10°/, gelatine, after previous sterilization by the usual methods. 

In the case of agar cultures the spores germinate quite easily 
and after some 15 days patches of mycelia become visible ; these 
mycelia grow with some difficulty and not always with equal 
success. In my cultures they are still developing without any 
apparent attempt to produce fructifications. 

The gelatine cultures are more interesting, showing an almost 
luxuriant growth. At first a woolly mass of mycelium appears on 
the surface: but the gelatine is soon liquefied and the fungus 
sinks into the medium, assuming a definite form and developing 
into bodies which imitate in shape and structure the fructifications 
of the Jew’s ear fungus. At this stage a number of hyphae become 
very stout, irregular in form and branch freely in all directions, 
It has not yet been possible to determine the ultimate fate of these 


* Brefeld, loc. cit. p. 72. 
+ Brefeld, loc. cit. pp. 73—76. 
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interesting structures. The production of a fruit body within 


a liquid is at least unusual in the case of fungi. 


(b) Cultures on wood. Pure cultures of the fungus have been — 


established on blocks of Elder, Lime and Elm wood, about 5 cm. in 
length and from 1 cm. to 4.cm. in diameter. These blocks of wood 
are enclosed in tubes or flasks containing a certain amount of 
water, and sterilized in the usual manner. Inoculation of the 
blocks of wood has been effected by transferrmg to them the 
spores of the fungus by means of a sterilized platinum needle. 
With few exceptions germination has always occurred. After 


about 20 days a white woolly growth appears on the spots infected — 


and spreads all round forming a thick envelope. These woolly 
hyphae show at present signs of active growth, indicated by large 
drops of liquid which are oozed out as in the well-known example 
of Pilobolus. Also large, stout, irregular hyphae are being formed 
as in the case of the culture on gelatine. In some of the cultures 
on wood blocks fructifications have begun to appear, more especially 
on blocks exposed to a fair amount of light. The formation of 
fruit bodies on artificial cultures of one of the higher fungi is as 
interesting as it is rare. 

The penetration of the hyphae inside the wood has been tested 
at intervals. It is very rapid, and after three months the hyphae 
have run all through the tissues. The path followed is along the 
vessels and tracheids, with penetration through the pits and more 


frequent branching in the medullary rays. For some time the — 


fungus seems to be satisfied with the food found inside the cells, 


but from examination of material found in nature, it is evident 
that when hunger presses hard on the fungus, it encroaches on the 
cell walls: the xylem is then delignified, the hyphae bore their 
way locally through the walls which are gradually consumed and 
the ultimate resuit is that the whole tissue becomes spongy, 
crumbles when rubbed with the finger, and consists more of the 
hyphae than of the original tissue of the tree. 


Inoculations of healthy Elder bushes with the fungus. 


Inoculations of mycelia and spores have also been tried on ~ 


living branches of Elder bushes. The spores have germinated, and 
the mycelia have penetrated the wood in the manner just described, 


but the process of penetration is slower than on dead wood and no 


further details are at present available. 


I wish, as a pleasant duty, to express my hearty thanks to 
Mr F. T. Brooks for his kind guidance as well as for his repeated 
suggestions during these investigations. 


Mr Evans, Additions to the Flora of Cambridgeshire 229 


Notes on additions to the Flora of Cambridgeshire. By A. H. 
Evans, M.A., Clare College. 


[Read 28 April 1913.] 


THE publication last year in our Proceedings (Vol. XVI., Pt. 111.) 
of my “Short Flora of Cambridgeshire” has resulted, according 
to expectation, in a further revival of the interest now taken in 
Field Botany, and in considerable accessions to the county list. 
We are naturally much indebted to our senior botanists, several 
of whom are specializing in various divisions of the Cryptogams, 
but we feel that even more stress should be laid on the co-operation 
of the undergraduate members of the University, who have much 
time at their disposal in which to range the country, and keep 
submitting to us specimens of the plants with which they meet, 
so that it becomes possible to determine the exact forms, and 
settle whether they are new to Cambridgeshire or to any of its 
districts. ‘The excursions under the guidance of Mr Moss come 
in the same category, while, extending as they do beyond the 
county limits, they enable us to institute comparisons between 
our Flora and that of the immediate neighbourhood, as well as to 
familiarize our students with rare plants that might not otherwise 
come under their notice. The extreme north of the county, 
however, 1s still in need of careful exploration. 

Species which had been lost to sight have been rediscovered, 
and several that are new to our area met with, though, as will be 
seen from the subjoined list, new varieties are no less common 
than new species. It is most important to decide which of the 
varieties recognised on the Continent are also to be found in 
England, and we have been able to contribute to this desirable 
result, chiefly through the penetration of Mr Moss, who will 
incorporate the information in his forthcoming British Flora. 

The genera Arctiwm, Lycium and Bartsia, as well as the 
ageregate Polygonum aviculare, have been entirely reconsidered 
in the light of recently published work, while several of the Latin 
names in the catalogue below have been corrected. As regards 
the Cryptogams we have been able to add somewhat to the lists 
furnished by our former coadjutors. Mr R. S. Adamson has 
sent a large number of notes on the Musci, in addition to remarks 
on the Phanerogams, and Mr Compton has given us the results 
of his year’s work on the Hepatice. Mr F. T. Brooks is still 
studying the Fungi, but wishes to delay the publication of his 
results until he has examined further material. 
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The most striking occurrence of the year has been the discovery 
of a considerable quantity of Prunella laciniata in a fallow at 


=e 


Hardwick by an undergraduate (Mr A. W. Graveson of King’s © 


College), followed by the further discovery by Mr Moss that it was 


accompanied by a still greater quantity of the putative hybrid” 


between it and P. vulgaris. This is new to the British Isles. 
The field furnished several other interesting plants, among others 
the radiate form of Centawrea nigra, found by the writer. The 
last-named was new to the county, as were Hpilobium roseum from 
the town of Cambridge (Mr Compton), Sparganiwm neglectum from 


Waterbeach (Mr Moss), and Anthoxanthum Puelliz from Gamlingay — 


(Mr J. E. Little). The wonderfully productive greensand at the 
village just mentioned was also responsible for Helianthemum 
Chamecistus subvar. viridis, and the rare Arnoseris pusilla was 
found there in abundance in the corner of a field, which had 
previously escaped investigation. Two uncommon forms of 
Orchids were met with at Dernford Fen by Mr Moss, Orchis 
maculata var. O'Kellyi, and Habenaria (Gymnadenia) Wahlen- 


bergi; while the Babington Herbarium proved to contain H. (G.)_ 


densiflora from the same place. These two forms of Habenaria 
are new to the British Isles. Juncus bufonius var. Jasciculatus 
was determined from Upware by Mr Adamson, who also found 
Quercus sessiliflora in Gamlingay Wood. 

We have ascertained that a green as well as a glaucous form 
of Stellaria Dilleniana (=S. glauca or palustris auct.) grows in 
Wicken Fen, but it is too early to state definitely how many of 
the phases of this variable species the county really possesses. 
Myosotis collina var. Mittenit from Chippenham and the hybrid 
Willows Sulia# alba x pentandra and S. cinerea x viminalis must 
further be placed to the credit of Mr Moss. 

Not one of our extinct plants has been rediscovered, but Ranun- 
culus parviflorus has been met with, after the lapse of many years, 
at Hardwick and Caldecot; Mr Moss has found Acorus Calamus 
at Upware; Mr Shrubbs Myosurus minimus near Ickleton and 
Muscart racemosum near Hinxton ; and the present writer a whole 
field of Thlaspi arvense near Pampisford, besides a quantity of 
Pedicularis sylvatica and new stations for Claytonia perfoliata 
and Malva moschata at Gamlingay. Both Lyciwm chinense and 
L. barbarum have been proved by Mr Moss to occur in the county ; 
the same may be said of Bartsta verna and B. serotina and several 
of Professor Lindman’s segregates of Polygonum aviculare, while 
various difficulties concerning the genus Arctium have been 
solved by the writer, who finds all the British forms in Cambridge- 
shire. Mr Adamson has named tentatively some of the Rose 
and Rubi, which will probably prove to be additions to our list. 
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ADDITIONS AND CORRECTIONS OF THE GENERAL 
LIST OF SPECIES. 


I. ANGIOSPERMA. 


Ranunculus trichophyllus var. Godronw Gren. 1. 
R. auricomus 4. 
R. parviflorus. Refound at Hardwick and Caldecot. 
Erophila virescens 1. (The East Anglian plant seems to be 
rather #. glabrescens Jord. than EL. virescens.) 
Lepidium Draba 4. 
Thlaspi arvense 4. (Also in profusion near Pampisford.) 
Helianthemum Chamecistus subvar. viridis Irvine 4 (Gamlin- 
gay, Moss). 
Viola sylvestris var. punctata 3, 5. 
Stellaria palustris must now stand as S. Dilleniana. We have 
in Wicken Fen both a green and a glaucous form. 
Arenaria trinervia. Our form is var. typica Moss (var. nov. 
ined.). 
Claytonia perfoliata 4 (vans). 
Malva moschata 4 (the typical plant). 
[Geranium lucidum. Refound by Mr A. W. Graveson, at Linton. ] 
Ononis spinosa 4. 
Rubus sylvaticus Wh. and N. 5 ( fide Adamson). 
R. macrophyllus Wh. and N. 4, 5 (fide Adamson). 
Rosa canina var. lutetiana (Lem.) 1, 2, 3, 5 (fide Adamson). 
Rs 3 dumalis (Bechst.) 1, 3, 5 ( fide Adamson). 
2 nk dumetorum (Thuill.) 1, 5 (fide Adamson). 
. x urbica (Lem.) 3, 5 ( fide Adamson). 
Sanifraga granulata 4. 
Epilobium roseum 1 (Cambridge, Compton). 
Smyrnium Olusatrum 6. 
Matricaria suaveolens 4. 
Arctium majus must stand as A. Lappa L. (see Journ. of Bot. 
April 1913). 
A. nemorosum (auct. plur.) must stand as A. vulgare subvar. 
pycnocephalum (Kvans). 
A. pubens Bab. must stand as A. vulgare (Evans). 
Centaurea nigra forma radiata 5 (Evans). 
Arnoseris minima. Found in quantity at Gamlingay by 
Mr J. E. Little of Hitchin. 
Primula veris var. suaveolens 5 (Moss, Evans). 
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Vinca minor 4. 

Blackstonia perfoliata 4. 

Myosotis collina var. Mittenii (Baker) 6 (Moss). 

Lycium barbarum L. and L. chinense (Mill), both occur, not 
uncommonly, in the county. 

Bartsia verna 5. 

Bartsia serotina 1, 5, ete. 

Pedicularis sylvatica. In some quantity at Gamlingay in 1912 
(Evans). ; 

Prunella vulgaris x laciniata 5 (Hardwick, Moss). 

P. laciniata 5 (Hardwick, A. W. Graveson). 

Lanium hybridum 6. 

Atriplex patula var. erecta. Babington’s plant is merely a 
variety of patula and not the plant of Hudson or Smith. 

Polygonum aviculare. This aggregate must now stand as follows 
for the county : 

P. aviculare L. (=P. heterophyllum Lindman) 1, 5, ete. 
P. ruriwwagum Boreau 3. 
P. cequale Lindman 1, 5, ete. 

P. maculatum 4. 

Ulmus procera Salisb. must stand as U. nitens Mcench., the 
former proves to be a synonym of U. campestris L. 

Myrica gale. In quantity at a new station in Wicken Fen 
(Evans). 

Alnus glutinosa Gaertn. 

var. typica Moss (the common form of southern England). 
var. macrocarpa (Loudon) 1 (Chippenham Fen, Moss). 

Quercus sessiliflora 5 (Gamlingay Wood, Adamson). 

Salia alba x pentandra 1 (Moss). 

Salia cinerea x viminalis 1 (Moss). 

Populus canadensis. Our common tree should stand as x P. 
serotina. It is always male, and always planted; x P. canadensis 
is rare in gardens near Cambridge, though “subwild” in Suffolk ; 
it is always female. 

LInparis Loeselit. The specimen mentioned in our former list 
as from Gamlingay has no doubt been accidentally transferred 
from one sheet of the Power Herbarium at Reigate to another: 
for a similar case has occurred with a specimen of Malaais 
paludosa labelled Burwell Fen, where the same explanation may 
be given. In other words the specimens have probably been 
interchanged. 

Orchis maculata var. O’Kellyi, Sawston Fen (Moss). 

Habenaria (Gymnadenia) Wahlenbergi, Sawston Fen (Moss). 

H. (G.) densiflora, Dernford Fen (Bab. Herbarium, fide Moss). 

Iris fetidissima. Several plants at Pampisford (Evans). 

Juncus bufonius var. fasciculatus 1 (Upware, Adamson). 


i These must replace B. Odontites. 
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J. compressus. Again found in quantity at Fulbourn and 
Waterbeach (new stations) 1. 

J. effusus 6. 

J. subnodulosus 2. 

Sparganium neglectum Beeby. 1 (Waterbeach, Moss). 

_Acorus Calamus 1. Add Upware (Moss). 
Carex vulpina var. nemorosa 2. 
Anthozanthum Puella 4 (Gamlingay, J. E. Little). 


II. GYMNOSPERMZ. 


Juniperus communis. Add Roman Road, near Linton (Comp- 
ton). 


III. Bryopuyta. 


Musci. 


The following list contains a few additions by Mr R. S. Adamson 
to the list of mosses of the county recorded by Rev. P. G. M. 
Rhodes in 1911. 

The nomenclature followed is that of Dixon and Jamieson’s 
Student's Handbook of British Mosses, Ed. 2, published in 1904. 
The divisions of the county are the geological ones used in our 
former list. 3 

The following species are new to the county list with the 
exceptions of the species of Sphagnum, which, however, were only 
recorded on old authority. A species of Sphagnum also occurs on 
Chippenham Fen ; but this Mr Adamson has not seen: 

Sphagnum cymbifolium Ehrh. var. squarrulosum Nees and 
Hornsch. 4. 

S. acutifolium Ehrh. var. subnitens Dixon 4. 

Polytrichum gracile Dicks. 4. 

Pottia intermedia Fiirn. 3. 

Tortula muralis Hedw. var. aestiva Brid. 6. 

Barbula cylindrica Schp. 3. 

Orthotrichum cupulatum Hoffm. 3. 

Aulacomnium androgynum Schwaeg. 6. 

Bryum inclinatum Bland. 4, 6. 

B. intermedium Brid. 2. 

B. erythrocarpum Schwaeg. 4. 

Mmum affine Bland. 5, 6. 

Brachythecium rwulare B. and 8. 3, 4. 

B. glareosum B. and 8. 3. 

Eurhynchium murale Milde 3. 

Hypnum polygamum Schp. 1. 

H. commutatum Hedw. 1. 
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In addition to the above, the following have been found in 
divisions of the county additional to those mentioned in the Flora 
or are confirmations of old records: 


Catharinea undulata W. and M. 5. 

Polytrichum juniperinum Willd. 6. 

Dicranella heteromalla Schp. 4. 

D. varia Schp. 4. 

Pottia truncatula Linbd. 3. 

P. minutula Lindb. 5. 

Tortula Vahhiana Wils. 6. On a bank near Kennett. 
T. subulata Hedw. 4. 

T. ruralis Ehrh. 1, 6. 

Barbula fallax Mitt. 5. 

B. unguiculata Hedw. 5. 

Bryum cespiticum L. 1. Recorded by Relhan. 

B. capillare L. 5. 

Mnium cuspidatum Hedw. 1, 6. Recorded by Relhan. 
M. rostratum Schrad. 1. Recorded by Relhan. 
Brachythecium albicans B. and 8. 1. (Wisbech). 

B. velutinum B. and S. 5. 

B. plumosum B. and 8. 2. Recorded by Relhan. 
Eurhynchium swartzw Schp. 1. 

Fi. striatum B. and 8. 2. Recorded by Relhan. 
Hypnum elodes Spruce 5. 

Hypnum aduncum Hedw. var. paternwm Sanio 5. 

1. cupressiforme L, 1. 

Hf, molluscum Hedw. 5. 

HI. schrebert Willd. 4. Previous record 5, Relhan. 
Hyloconiwm splendens B. and S. 6. Previous record 5, Relhan. 
H, squarrosum B. and S. 1. 

H, triquetrum B. and S. 5. 


Hepatice. 


Owing to the combined influences of the low rainfall, the 
absence of hard rocks and the frequency of soils containing a 
high percentage of soluble salts, Liverworts are relatively rare in 
Cambridgeshire. The result of researches by Mr R. H. Compton 
of Gonville and Caius College is that no new species are added 
to the County List prepared by the Rev. P. G. M. Rhodes. Certain 
records, however, have been confirmed and new localities added, 
as the subjoined supplementary list will show. 

Riceia fluitans L. 1. In ditches by the river and railway 
near Clayhithe. 
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Lunularia cruciata Dum. 1. At the water's edge, Byron’s 
Pool, Trumpington. 

Marchantia polymorpha L. 1. On walls and bridges, Backs 
of the Colleges, Cambridge. 

Metzgeria furcata Lindb. 3. Wood on the Gog-Magog Hills, 
near Roman Road, Cambridge. 

Pellia epiphylla Dum. 1. Hobson’s Conduit, Cambridge ; 
Bourn Brook, Grantchester. 4. Great Heath Wood, Gamlingay. 
Lophozia turbinata Steph. 3. On bare chalk, Cherryhinton 
Chalk Pit. 

Lophocolea bidentata Dum.) yw: 4.1 at tae ’ 

fea rephaila Dunne \ Widely distributed. 4. Great 
Heath Wood, Gamlingay. 5. Madingley Wood. 6. Kennett, banks 
and hedgerows. 

Frullania dilatata Dum. 5. Gamlingay Wood. 
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A Note on the Food of Freshwater Fish. By J.T. SAUNDERS, 
B.A., Christ’s College. 


[Read 5 May 1913.] 


Very little is known about the food of freshwater fish, records 
in the past being very scanty and, owing to the difficulty of 
identifying remains in the stomach, sometimes inaccurate. Again, 
if an animal happens to be found two or three times in the stomach 
this was recorded as the chief food of the fish, without having 
any regard to the season of the year and the natural conditions 
under which the fish was living. This fault is very noticeable in 
semi-popular works like those of Tate Regan (British Freshwater 
Fishes, London, 1911) and Yarrell (A History of the British 
Fishes, London, 1886). Here we find it recorded that certain fish 
will eat such things as insect larvae, shrimps, small bivalves and 
the fry of other fishes. The natural conclusion that one draws 
from a statement such as this is that the fish swim about in search 
of food and snap up anything palatable that they meet. But this 
is far from being the case. 

On opening up the alimentary canals of some sticklebacks 
(Gasterosteus aculeatus, L.) caught at Madingley, I found that their 
stomachs were full of Diatoms, but it was only one species of © 
Diatom, viz. Nitzschia sigmoidea, Ehbr. It is true that there 
also occurred a few trichomes of Oscillatoria nigra, but they were 
so few that it is reasonable to suppose that they were ingested 
accidentally when the fish was seizing a Diatom. I have examined 
the stomachs of a great many sticklebacks at all times of the year 
caught in this pond and I found in them nothing but this Diatom, 
Nitzschia sigmoidea. All the specimens whose stomachs were full 
of Diatoms were caught with a worm and were large individuals, 
probably full grown. But finding it rather arduous to catch them 
singly with a worm I adopted the device of luring a number of 
sticklebacks over a net in the water by means of a worm. A great 
number of sticklebacks came to bite at the worm, and on quickly 
withdrawing the net fifteen to twenty could be caught at once. In 
this way fish of all sizes were taken. 

An examination of the stomachs of fish that were not fully 
grown gave very different results from the examination of those 
that were full grown. I found at once that the younger fish do 
not exhibit such an exclusive preference for NV. sigmoidea as do 
the older fish. N. sigmoidea is found only sometimes in their 
stomachs and it seems that the larger the fish the more restricted 
is its preference. The smaller ones are not so particular as the 
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larger and tend to be carnivorous; the smaller the fish the greater 
are its carnivorous propensities. Thus one finds that in a fish of 
about 4 cm. long the stomach and intestine will be full of insect 
larvae and small crustacea, while the rectum is distended with 
_Nitzschia sigmoidea shells. In one of a smaller size the whole of 
_the alimentary canal was full of insect larvae and small crustacea 
only, or we may find insect larvae and crustacea in the stomach 
and Peridinians in the intestine. 

) Two points are worth noticing here. The first is that the fish 
does not pick up anything digestible that comes handy but it 
confines its attention to one food only, or rather to one class of food. 
The stomach never contains a mixture, but is always full of one 
thing only. The second point is that it 1s capable of eating both 
animal and vegetable food. 

As regards the animal food that is found in the stomach, it is 
a mixture of insect larvae and small crustacea of all kinds. These 
the fish evidently hunts for and catches by the use of its eyes only 
and not by the sense of smell. This may be amply proved in the 
following manner. If some sticklebacks be kept in an aquarium 
with some small waterbeetles, they will never attack the beetles, 
which are not an article of their diet. But if a number of 
Copepods are introduced into the aquarium the fish will at once 
attack them and eat them, at the same time they will often attack 
a waterbeetle by mistake, but they let the beetle go immediately, 
never swallowing 15. It is only for a moment after the Copepods 
have been introduced that the beetles get attacked, the stickle- 
back very soon learns to leave them alone. Sticklebacks will also 
snap at Copepods enclosed in a glass tube if this tube be placed in 
their aquarium. 

But as regards the vegetable food I think that the stickleback 
must hunt for this by the sense of smell. It is difficult to see how 
the fish could get a meal that entirely consists of Peridinians or 
WV. sigmoidea using only his eyes. And if he swam through the 
water with his mouth open he would surely engulf a mixture of 
organisms, and this is found to be not the case. 

But so far I have been speaking of sticklebacks taken from one 
pond only, and from an examination of the contents of the stomachs 
of specimens caught in this pond we might assume that all young 
sticklebacks of about 4 cms. long are carnivorous, while the adults 
are vegetarian. This pond of which I have just been speaking is 
one of a series of ponds which have been formed in the excavations 
made by a former brick industry. They are all very close together, 
the banks between them being not more than a few yards wide. 
Yet in one pond it is found that ail the adult sticklebacks feed 
only on a Diatom, Nitzschia sigmoidea, and in another all the 
adults are carnivorous and hunt for insect larvae and small 
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crustacea. Thus we see that the food of the stickleback may 
vary, but the variation is not a haphazard one for it effects equally 
all the individuals that live in one pond. It is something in the 
conditions under which a fish lives that determines its preference — 
for a certain kind of food. 

Under artificial conditions I found that the feeding habits of 
the fish completely changed. I could never get the large forms 
which fed on Diatoms to eat Diatoms, and I suspect this was 
because the Diatoms did not grow in their natural manner. These 
larger forms would however become carnivorous in aquaria and 
gave the impression that this was their natural method of feeding. — 
Experiments in the laboratory are therefore useless to determine 
this point. 

The fisherman, who catches fish with bread paste and gaudy 
flies, will probably ask how it is that such a thing as his bait 
which the fish cannot possibly have ever seen before proves so 
attractive. But the bait is not an article of diet. Every fisher- 
man knows that there are times when the fish are feeding and 
times when they are not. Now my experiment of introducing 
Copepods into an aquarium and thus getting sticklebacks to snap 
at waterbeetles, shows that when fish are “on the feed” they will 
snap at anything that catches their eye, but unless they seize 
something palatable they will not swallow it. Therefore the 
fisherman angles when the fish are “on the feed,” that is moving 
about in search of food, and he uses as a bait something that is . 
likely to catch the fish’s eye. The fish snaps at the bait and the 
fisherman strikes so as to drive the hook into its mouth. If the 
bait used were something that the fish ordinarily ate there would 
be no need for the exercise of any skill, for the fish would swallow 
it and inevitably get hooked. As it is the fisherman has to strike 
at the moment the fish snaps and before it has a chance to reject 
the bait. Herein lies the sport of fishing, for the more tentative 
the snap the greater will be the skill required to hook the fish ; the 
fish that snap so vigorously that they will hook themselves provide 
little sport for the angler. 

We therefore come to two conclusions. 

(i) Fish may feed on different things, but a meal always 
consists of one class of food only. This means that in order to 
ascertain the food of a fish we must open stomachs of fish taken 
at different seasons and under different conditions. 

Additional evidence on this point is afforded by an observation, 
Dakin and Latarche (Proc. of Royal Irish Ac., Vol. Xxx. See. B, 
No. 3). They examined the contents of the stomachs of large 
numbers of Pollan (Coregonus pollan) and they remark: “The 
most extraordinary thing however was that on most occasions 
when Daphnids were found in the alimentary canals, practically 
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nothing else was present.” I myself opened the stomachs of two 
pike (Hsow lucius, L.) which were brought to me and found two 
roach in the one and one roach in the other. Other kinds of fish 
besides roach lived in the pond from which the pike were taken. 
This shows that both Pollan and pike as well as the stickleback 
like their meals to be composed of one thing only. 

(ii) Preference for a certain kind of food varies according 
to locality. 

Since all my observations have been made on sticklebacks 
taken from only three localities, I refrain from giving a list of the 
things they are capable of eating. It would be necessarily very 
incomplete. 


16—2 
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Observations on Ticks: (a) Parthenogenesis, (b) Variation due 
to nutrition. By Professor NUTTALL. 


[Read 5 May 1913.] 


THE occurrence of parthenogenesis in ticks was recently 
observed by Aragéio, in Brazil, in a new species of Amblyomma 
(A. agamum), the males of which have not as yet been discovered. 
Three complete generations of this tick have been raised experi- 
mentally and thousands of females were brought to maturity in 
the absence of males. This constitutes the first record of partheno- 
genesis in ticks. 

The author described how he had succeeded in obtaiing a 
parthenogenetic offspring from Rhipicephalus bursa, a species 
(prevalent on sheep in countries bordering the Mediterranean) in 
which both sexes occur in fairly equal numbers upon the host. 
Larval ticks issued in limited numbers from the eggs laid by 
unfertilized females. 

Experiments were further recorded in which it was shown that 
the genus Rhipicephalus shows a considerable natural variation in 
size, and that imperfect feeding of the tick in its immature stages 
leads to the development of very small adults which, whilst fertile, 
are so different from the normal forms, that they could readily be 
taken for other species. It is only by determining the range of 
variability in a species under experimental conditions that the 
limits of a species in this respect can be determined and the 
making of bad species prevented. 
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The Division of Holosticha scutellum. By K. R. Lewsy, B.A. 
(Communicated by Professor NUTTALL.) 


[Read 5 May 1913.] 


THE account of the behaviour of the micronuclei at division, 
given by A. Gruber (“ Weitere Beobachtungen an vielkernigen 
Infusorien,” Ber. Naturf. Ges. zu Freiburg I.B. Bd. 11. (1887), 
pp. 57—70) is not confirmed. In the period between divisions, 
H. scutellum possesses only a small number of micronuclei of 
about the size of the meganuclear segments, with which they have 
been confused. There is therefore no necessity to assume that 
numerous micronuclear divisions occur at the fission of the in- 
fusorian. Over the very limited series of preparations in which 
the micronuclei have been counted, a tendency is evident for the 
smaller numbers to occur at or near the stage of maximum con- 
centration of the meganucleus. If this is significant, a reduction 
in the number of micronuclei must take place before division. 
There is, however, no evidence, nor any need to assume, that 
fusion of micronuclei is the way in which such a reduction would 
be accomplished. 


Exhibition of living Termites. By Professor A. D. IvMs. 
[Read 5 May 1913.] 


THE author exhibited tubes containing living examples of the 
Termite Archotermopsis wroughtoni Desn. The Termites were 
obtained by him from the Kumam Himalayas, where they occur 
in dead trunks of the Chir pine (Pinus longifolia) at an altitude 
varying from about 4500 to 5800 ft. This species was described 
by Desneux in 1904 and was only previously known from Kashmir 
where it occurs in stumps of Pinus excelsa. The most interesting 
features are seen in the length of the cerci, which are composed of 
7—8 joints in the sexual forms and of 6—7 joints in the soldiers 
and workers, in the possession of 5-jointed tarsi, and in the great 
development of the eyes. In the possession of these characters it 
is to be regarded as one of the most primitive of living Termites. 
Its nearest relationships are with two fossil species from the 
amber of Oeningen (Prussia) and the N. American genus 
Termopsis, Heer. 
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On the greatest value of a determinant whose constituents are 
limited. (Proof of Hadamard’s theorem.) By Prof. A. C. Drxon, 
E.R.S. 


[Received 9 April 1913—Read 28 April 1913. ] 


Ler there be an array ||@,< || of m rows and n columns (n > _m) — 
the constituent in the rth row and sth column being a,s., a complex 
quantity, whose conjugate is D,s. 

Multiply the two arrays || @;s\|, || 6,s || according to the ordinary 
rule, that is, form the determinant C, of order m, which has in its 
ith row and jth column the constituent 


Ci = = WigDje (2, AR = 1, Dicgets Mm). 


C must be positive since it is the sum of products each formed 
with a determinant from ||q@,,|| and the corresponding determinant 
from ||b,s||, that is, products of conjugate complex quantities. 


The theorem to be proved is that C cannot exceed its leading term 


m 
cz, or say IL. 
1 


Assume this for m — 1, and let Oj; be the coefficient of ¢; in C, 
that is, the product of the matrices 


|| @rs |] and || Br || 


with the zth and jth rows left out respectively, with the sign 
(1), 

Thus the construction of Cj; is the same as that of ej, the 
places of ds, b,; being taken by the first minors of the deter- 
minants of |/q@,5|| and |] 6,.||; the value of m is now different, being 
the number of determinants in a matrix of n columns and m-— 1 
rows. 

Since the theorem is true for m—1 we have 


Cx< Wey (@=1,2...m) 
and also 


eeoecevcereeceeceeee eee 


a 


Fi 
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_ that is, Cg GIES (OSG 066 Orrn))p 
whence HOE << [oe 
and if m > 2, Geaaile 


for both are positive. 
Hence if true for m — 1 the theorem holds for m when m > 2. 
But when m= 2, 
C= Cree — Cn Cn, 
= Cy, Cop — lGeil? 
< Cy Cop. 


The theorem therefore holds when m= 2, 3, 4... and universally. 
When n =m, the result gives the theorem of Hadamard used 
by Fredholm in the theory of Integral Equations, that the absolute 
value of a determinant of order m cannot exceed the mth power 


of the absolute value of its greatest constituent multiplied by m2”. 
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Expressions for the remainders when 0, 02, sin kO, cos k@ are 
expanded in ascending powers of sin @. By Prof. A. C. Dixon, 
F.R.S. 


[ Received 9 April 1913—Read 28 April 1913. ] 


6 
1. TAKE i sin k (6 —t) sin” tdt, say up, 
0 
and integrate twice by parts. Thus 
6 6 
Poy = E cos k (@ — t) sin” | —kn | cos k (6 —t) sin” ¢ cos tdt 
0 0 


8 
=ksin”@ + E sin k (@—t) sin” ¢ cos | 
0 


= rere 


6 
- nf sin k (6 — t){(n — 1) sin” °t cost — sin” ¢} dé — 
0 


=ksin"6— n(n — 1) uyn_ + NuUty. 
This holds when n = 2, 3, 4... but when n =1, 0 we have 
k°u, =ksin 6 — sin ké +m, 
k?u, =k (1 —cos k@). 
The general formula may be written 
G ae n? — ke? 
Up = need) sin” 6 + ina Wine 


Hence 


sinké =k sin 6 —(k? — 1) uy, 


as 2 42\(J2_ 22 
hein 6 = = eps Oe 
3! 3! 
SE ach are ee see lg) Pe b(k? — 12)... { — Qn —1P} § 
=ksin 0 > gee St 6+...4+(-1) reine 
x sine 9 | ate (ib), 


cosk@=1—ku, 
[ps pe Ue OP) 
=1— 5; sin OO eee rag Us 


esceecee 
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ke? (? ale ae) 


=1- sin? + hi 


erate (c) Bae 
ke (k? — 2?) ... {k® —(2n — 2°} 


el 2n! 


x sin 6 — ee | 


2. Similarly let 
9 
Un =) (9 —t) sin” tdt, 
0 
and integrate by parts. Thus 


p 

Wy = | n(@ — t)sin™"¢.sin tdt 
0 

9 


=— c (@ — t) sin” ¢ cos | 
0 
0 
+n | {(n— 1)(@ —t) sin” ¢ cos? ¢ — sin” ¢ cos t}dt 
0 
9 
=— c (@—t) sin” ¢ cost + sin” | 
0 
8 . 
+n(n— 1) (9 —t) sin” ¢ cos? tdt 
0 
=—sin”6+n(n—1) (Uns — Un), 
Z 1! ; n 
ce n 
amd VU, > Web) sin” @ + eae 
This holds when n= 2, 3, 4..., but when n=1, 0 we have 
v%,=O—-—snd, y=46%. 
Hence 6=sin 60+, 


ism? 1.3 sim’. 


=sin@ +5 Sealer aa ne 
13 2 (2n = 1) [isin 2 
: aise le woees 3 
78.4... 2n = + (2041) tina (3), 
Get 
and 59 = 5 sin 6 + 2v, 


_ sin? 6 2sint@ | 2.4 
oer sea 8 
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sin'@ | 2sin'@ | 2.4sin°d 
2S A BO aos 
4, ie sin2” @ 
..(2n — 1) * an +2n0| p0000c (4). 


3. In (1) (2) (3) Be we oe the expansions of sin 6, cos k0, 
@ and 6? in ascending powers of sin 6, with expressions for the 
remainders. ; 


Now ior 2.4< 32 
3.5 < 4? 4.6 < 5%, 


(2n —1)(2n+1)< (2n)?2, 2n(2n—2) < (2n—1)?. 
Hence by multiplication the coefficient of %,4, in (3) is 
< /(2n +1) and that of v, m (4) is<2,/n. 
Thus the remainders in (3) (4) tend to zero if Un, n does so, 
when no. 


Now if @ is between 0 and = inclusive 6 —£ does not exceed 


2, 
a=! which does not exceed cot 7. 
8 
Hence Din, K | sin” ¢cos¢dt or sin” @/n, 
0 


Urn < sin” O/r/n 


which tends to zero when » increases even when @= 47. 
Thus the infinite series given by (3) (4) converge to 6 and 

30° respectively when @ is any real angle between + $7 inclusive. 
4, In the series (1) (2) when & is real, if the thot: 


0 (i I) anne el) 


is put in the place of k? — m? in the coefficients of tn41, Kuen they 
reduce to those of Us;41:, Ven in (8) (4). Hence these coefficients 
in (1) (2) increase in a less ratio than those in (3) (4), at any rate 
when n> 3h. 


Aiso |sin k(@—t)+k|< (0 —2), 
so that Oh, S80 


Hence the validity of the infinite expansions (1) (2) follows 
when & is real and @ a real angle between + 47 inclusive. 

5. The above is the elementary case. When & is not real, 
but @ is restricted as before, we can say that 


| sin k (@ —t)|< «(0 —2), 
where « is a finite quantity, but generally is >|%|; then 


| 5 |S one 
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The coefficient of wu, or ku, in (1) or (2) is that of v, im (3) 
2 
or (4) multiplied by the product of factors of the form 1 a 


these are known to form a convergent product. Hence the results 
are still true when & is imaginary. 

6. When @ is imaginary, u, and v, may be treated by the 
following method, which would also apply if @ were real. 


(7) 
Un =| sink (@ —t)sect.sin” ¢ cos tdt 
0 


@ 
= sin k (6 —t)sect.sin®*? ¢/(n + | 
bs 0 
i eeu Re Ob ac 
— N+1 4 _— fa i se 
aay | se ta {sin k (6 — t) sec t} dt. 


The terms at the limits vanish, and if g is the greatest value 
BE = {sink (@—t)sect} on the path of integration, which is 
finite, we have 


[wal< 9 6 sin™* 6 | 


provided that | sin @| is the greatest value of |siné| on the path 
of integration, which may be the straight line from 0 to @. 

Now if 0=¢$ +.y, | sin? 0|=sin?¢+ sinh? which increases 
with the numerical value of @ or w,so long as ¢ is between + $77. 

Thus the remainders in the series (1) (2) (3) (4) tend to zero 
when n— provided that |sin@|<1 and the real part of @ is 
between + 47. 

7. It is curious that the coefficient of sin?”** @ in (1) tends to 
equality with an? mT *k cos 4k and that of sin” @ in (2) to 
equality with —3n ~? hk sin $k. 

The expressions (1) (2) may be used to give a proof of the 
factorial expressions for the sine and cosine. In (1) (2) put 7 
for 6. Thus 
k (2? — k?) (42 — k?) ... (4m? — ke?) 


1 —cosk7 = Fa Wars 
: _(?—F) (8 — &)...{Qn+17-—F} 
sin kr = Cn)! Os Nite 


Now when n tends to infinity the elements of uw, for which ¢ 
is not nearly $7 may be neglected and thus u, tends to equality 
with 


sin 4 kar | sin” td. 
0 


248 Prof. Dixon, Expressions for the remainders, etc. 
This step is further examined below (§ 8). Thus 

sin $k or (1 —cos krr)/2 sin thr 
is the limit when n—20 of 


he (2? — he) (4° — he) ... (An? — We) 1 2/ “sin” tdt 
0 


2n! 
: k(2?— ke)... (4? -—k*?)a7 1.3.5...(Qn—1) 
ee On! a a 4.6 
ke ke 
or of 57 (1 5) = aC - 75): 
Also cos $km or sin as +2sin thr 


is the limit when n—20 of 
(1? — k*) (3?— Fe)... {(Qn + 1)? — #*} a 4.6... 2n 
(2n + 1)! “3.5 Tea 


or of (1-5) (1-3) . : 


8. To justify the statement made as to wu, when n>, take 
the difference 


Tr 
Un — Sin} ler [ sin” tdt 
0 


and write 7 —tfortin u,. The difference is then 
if sin kt — sing kar 
0 Gos ¢ 


= kt —sind kr sin?! ay 


sin” ¢ cost dt 


cos t fics Tl 


d sinkt—sint kr 
n+l 
-—/ se dt cos t dt. 


The terms at the limits vanish, and thus the difference bears 


Beg h , 
to ' sin” tdt a ratio less than : where h is the greatest abso- 
cae 


+1 


lute value of fal a ish Sb 9) SD between the limits. Since A is 
dt cost 


finite, this proves the statement, unless & is an even integer, in 
which case the product expressions for sin $ka and cos $ka are 
evidently true. 
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A dust electrical machine. By W. A. Doucuas Rupee, M.A., 
St John’s College. 


[Read 19 May 1913.] 


| In the course of some work on atmospheric electricity carried 
on during the past three years, the author has shown that very 
considerable charges of electricity are given to the air during 
the raising of dust-clouds, whether by wind blowing over the 
surface of the earth, or by the motion of motor cars, etc. along 
dusty roads, or in general by raising a dust by any method. The 
kind of electrification varied with the nature of the dust itself, 
and the magnitude of the charge depended to some extent upon 
the fineness of the state of division. During dust-storms, hollow 
insulated vessels arranged to catch the dust may be charged to 
a potential of some thousands of volts. In a systematic study of 
the methods used for raising clouds, and determining the charge 
upon the dust particles and upon the air accompanying them, it 
was noticed that small sparks could occasionally be obtained 
from insulated vessels used to collect the dusts. Some simple 
pieces of apparatus have been constructed, by which it is possible 
to obtain considerable charges of electricity from the raising of 
a dust cloud. As shown in a previous paper* any kind of dust 
can be made to yield charges of electricity, and in the apparatus 
to be described, sand, road dust, flour, sulphur, iron filings, etc. 
may be employed as the working substance of the machine. The 
apparatus may be constructed very simply, but the form shown 
in the figure is the most satisfactory. 

The machine consists of a chamber A in which the dust is 
raised by sending into it a current of air from the bellows. The 
dust is carried into the chamber B. This consists of a brass 
tube about 25 x 5cms. insulated from the rest of the apparatus 
by an ebonite plug #. The dust escapes through 0. In the 
dry African climate, the chamber B can be dispensed with, the 
tube leading from A serving as a collector and sparks will fly from 
it when a rapid current of dust is passing. 

The effects produced by the machine are very remarkable 
with dry dust and a dry atmosphere, as the dryness allows of a 
very fine state of division of the dust. With an apparatus of 
the dimensions shown sparks up to 5 cms. in length have readily 
been obtained, and “brush” discharges will fly from the tube if 
the atmospherical conditions are suitable. The air escaping from 


* Phil. Mag., April, 1913. 
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O is very strongly charged, readily giving a potential gradient 
in a room of several hundred volts per metre. This charge upon 
the air is readily detected by aid of an insulated wire tipped 


with a radioactive substance, the wire rapidly taking the potential — 


of the air in its neighbourhood, and if discharged will quickly 
become charged again. The air in a room may remain charged 
for more than half an hour after the dust has settled, so that it 
may be concluded that the air itself is actually charged. 


A 


\ 


SIL 


The charge acquired by the apparatus has probably a two- — 
fold origin (1) that due to the raising of the dust, and (2) that — 


due to friction of the dust particles against the walls of the tube. 
At first 1t appeared as though only one charge was present upon 
the dust but recent experiments have shown that both kinds of 
electricity are present, one of them however predominating. 
Further experiments are now in progress. 
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| On a mechanical vacuum tube regulator. By R. WHIDDINGTON, 
M.A., St John’s College. 


[Read 19 May 1913.] 


In several of the writer’s previous papers mention has been 

made of a particular form of vacuum tube regulator. It is the 
object of this short paper to give a few experiments in connection 
with this device which not only serve to indicate the range of its 
usefulness but may perhaps help to throw a little light on its 
mode of action. 
: The usual method of altering the hardness of a vacuum tube 
is to vary the gas pressure within the tube. Under ordinary 
circumstances a diminution of pressure produces a hardening 
effect, or in other words the lower the pressure the faster the 
cathode rays shot off from the cathode—the more difficult it is 
to force current through the tube. This is only true however 
when the gas pressure is below a certain amount depending on 
the dimensions of the tube and its electrodes. 

Winkelmann appears to have been one of the first to recognise 
the fact that the size, form, and position of the cathode in a 
discharge tube exerted a profound effect on the discharge. He 
found that it was possible by using tubes of small dimensions 
with the cathode in a confined space to produce quite fast cathode 
rays even when the pressure within the tube was as high as 
several mms. of mercury. 

Of the many mechanical regulators based on this effect in- 
vestigated by Winkelmann and others, perhaps the most useful 
is the one in which a sliding glass tube tightly fitting the cathode 
slides in and out, the position of this sheath determining largely 
the velocity of the rays. It is possible in this way to produce 
very considerable variations in the speed of cathode rays without 
in any way altering the gas pressure. This device was first 
described by Campbell Swinton and later by Wehnelt in 1903. 
There are many possible methods of varying the position of the 
sheath and one of the most convenient is to attach a small piece 
of iron to the sheath and influence it from without by a magnet. 
In this kind of way the sheath may be instantly adjusted to any 
desired point, the further the sheath is outdrawn the faster the 
cathode rays emitted from the cathode. 

The graph gives some idea of the range of hardness to be 
expected from a tube fitted with such a regulator. The tube in 
this case was a litre bulb fitted with a cathode 1°5 cm. in diameter 
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mounted so as to project well within the bulb. The glass sheath | 
was closely fitting and was controlled magnetically. It is im-— 
portant to select the glass sheath so that it is entirely free from 
air lines as otherwise the discharge passes along the lines and the | 
tube runs unsteadily. The tube was evacuated to a convenient 

point and driven by a Mercedes influence machine which proved 

a fairly steady source of current, the voltage across the tube being | 
measured by a Braun electrostatic voltmeter. In the graph the — 
abscissae represent lengths of sheath outdrawn while the cor- | 
responding ordinates are the corresponding voltages across the | 
tube. The pressure of gas within the tube was maintained con- | 
stant throughout the experiment. Accurate readings could not | 


Working Voltage 


Oienie” 5 10 ney: 20 25 | 
Length of Sheath (in mms.) 
(Diameter of Cathode=15 mms.) 


be continued above 10,000 volts with the voltmeter but an | 
equivalent spark gap indicated that the tube at its hardest was | 
working at about 40,000 volts, beyond this point the tube became — 
very unsteady in action. 

It is noteworthy that beyond the point P on the graph the 
curve rises far more steeply. Observations carried out to above 
10,000 volts with a spark gap indicate that the curve continues 
practically straight up to about 30,000 volts. 

It seems very difficult, if indeed it is at present possible, to 
give an adequate explanation of the action of the sheath. This 
is a difficulty common to very many problems in connection with 
discharge tubes. What I propose to do then is to give a brief — 
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account of a few experiments with the regulator which suggest 
one explanation and then to point out the complications which 
stand in the way of its complete acceptance. 

The tube with which the following experiments were carried 
out was coil driven with a Lodge rectifier in series to prevent 
reversal of the current. 

(1) When a vacuum tube is hardened by diminishing the gas 
pressure the hollow cylindrical cathode beam becomes more cun- 
centrated about its axis, which in the case of a circular plane 
disc cathode passes normally through the centre; at the same 
time the dark space lengthens out receding from the cathode. 
This further is exactly what happens when the sheath is drawn 
out over the cathode at a constant gas pressure, the cathode 
beam narrows down—a smaller part of the cathode functions— 
and the dark space lengthens out. If the pressure be not too 
low the sheath as it is caused to travel out may ultimately over- 
take the boundary of the dark space which is also travelling but 
at a slower pace. The interesting point to notice is that when 
once the sheath has overtaken the dark space boundary and is 
projecting into it no additional hardening effect can be produced 
by further drawing out the sheath. 

(2) If the sheath is not too heavy and is running easily it 
will travel out of itself when the discharge is passing—ain fact it 
may be made to rise against gravity if the tube be tilted so that 
the cathode points slightly upwards. If now the Lodge rectifier 
be cut out the coil may partly reverse and produce a spot of 
positive column on the cathode, if this happen the sheath will 
commence to slide back again to its original position the tube 
at the same time becoming softer. On switching in the rectifier 
again the sheath once more slides out and the tube hardens. It 
is sometimes necessary to tap the tube to get these mechanical 
effects but usually the vibration set up by the coil is sufficient 
to ensure easy movement. 

(3) The effects described in both the above experiments can 
be obtained if the inside of the sheath is lightly silvered, not 
heavily enough to introduce the complications of an additional 
discharge but heavily enough to ensure that the sheath is at the 
same or nearly the same potential as the cathode itself. 

(4) If the sheath be cut longitudinally into halves and only 
one half is used, the cathode beamn is apparently repelled from 
the sheath, the rays pursuing a curved path when in the neigh- 
bourhood of the glass and proceeding in straight lines when 
beyond its influence. 

These experiments taken alone without further evidence lead 
to the very natural conclusion that the sheath being negatively 
charged on the inside repels the cathode rays towards the centre 
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on being drawn out thus increasing the resistance of the tube. 
But even this apparently simple statement becomes complicated 
when we remember that the cathode beam is travelling in a 
strongly ionised gaseous layer so that the individual particles 
will be shielded from electrostatic action in some directions more 
than in others. It seems obvious in fact that any individual 
particle in the stream will only be repelled by the nearer portions 
of the charged sheath. No mere electrostatic explanation how- 
ever can be sufficient for the system under consideration is not 
in electrical equilibrium. 

Now the generally accepted theory of the discharge tube has — 
it that the cathode and positive rays are inseparably connected. 
The cathode rays in their passage through the gas produce positive 
ions which move towards the cathode thus becoming the positive 
rays. When these positive rays strike the cathode they liberate 
electrons which shoot off under the electric force at the cathode 
and become cathode rays and the process 1s repeated so long as 
the potential difference between cathode and anode is maintained. 
The difficulty now arising is that if the sheath repels the negative 
rays towards the axis of the discharge it should also attract the 
positive rays outwards away from the axis. Unfortunately there 
is not sufficient data as to the velocity of these positive rays 
at different distances from the cathode for the question to be 
discussed quantitatively, but it is important to notice that the 
positive rays will always be under the action of the sheath for — 
a very short distance for they acquire their velocity a short 
distance from the cathode and in any case a positive ray is not 
so long lived as a cathode ray owing to the ease with which it 
may become an uncharged atom by recombination. It would not 
be surprising therefore if the effect of the sheath on the cathode 
rays swamped the opposite effect on the positive rays. It is 
possible that this is the explanation of the sudden rise in the 
curve at P in the graph. 

To summarize in conclusion the more obvious complicating 
etfects which must be taken into account when attempting an 
explanation of this hardening action: 

(1) The electrostatic screening action of the cathode beam. 

(2) The similar screening action of the positive bundle 
which surrounds the cathode beam. 

(3) The attraction which must exist between the positive 
and negative streams. 


ho 
Or 
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_ Some Plants new to the British Isles. By C. E. Moss, B.A., 
Emmanuel College. 


Read 28 April 1913. 
p 


_ Tue following plants were briefly described and their geo- 
graphical distribution indicated: 
Alnus glutinosa. . 

(a) var. macrocarpa. Chippenham Fen, Cambridgeshire. 
(b) var. typica (comb, nov.; ined.). The common form of 
the alder in southern England. 

(c) var. microcarpa. The common form of the alder in 
northern England and in Scotland. 

| Ranunculus ficariveformis. Jersey, first found by Mr 8. Guiton, 
_and specimens sent to me by Mr E. W. Hunnybun. 

| Chetranthus cheirr. 

(a) var. hortensis (var. nov.; ined.). The cultivated form 
of the wallflower, and the one commonly occurring as a garden 
: escape on old walls and sea-cliffs. 

| (b) var. fruticulosus. Perhaps the wild form of the wall- 
flower. Rare, on old walls, e.g., Jersey. 

(c) var. angustior (var. nov.; ined.). Closely allied to var. 
_fruticulosus. Walls, Pevensey Castle, Sussex. 

_  Arenaria trinervis. 


} 


(a) var. typica (var. nov.; ined.). The common form in 
Cambridgeshire. 
| (b) var. pentandra. Devonshire, Surrey. 
Primula veris var. swaveolens. Suffolk and Cambridgeshire. 
P. scotica var. orkniensis (var. nov.; ined.). First found by 
Mr Grant, of Orkney, and the characters of the fruit first elucidated 
by Mr E. W. Hunnybun. 
| Brunella laconata x vulgaris. Hertfordshire, Cambridgeshire, 
Somerset. 
— Gymnadenia wahlenbergi. Cambridgeshire. 
G. densiflora. In Herb. Babington, from Cambridgeshire. 
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On some new and rare Jurassic plants from Yorkshire :—_ 


Kretmophyllum, a new type of Ginkgoalian leaf. By H. HAMSHAW 


Tuomas, M.A., Downing College. Curator of the Botanical 


Museum, Cambridge. 
[Read 28 April 1913.] 
[Puates VI anp VII.] 


In the well-known Gristhorpe plant-bed, a number of isolated 
leaves occur, belonging to a type which has not been previously 
recognised. The plant-bed belongs to part of the Middle Estuarine 
Series of the Middle Jurassic and is exposed on the shore at the 
adjacent ends of Gristhorpe and Cayton Bays near Scarborough. 
I found most of my specimens in Cayton Bay, where they 
are locally plentiful. Two or three portions of leaves which 
appear to be closely allied to the Cayton forms have also been 
obtained from the Lower Estuarine beds at Whitby and though 
these exhibit some differences they may well be included in the 
same genus. All the leaves are beautifully preserved in shale, 
they were originally of firm texture and they can be readily 


detached from the shale, though the detached leaf is brittle and 


is easily broken into pieces. The examples shown in figs. 1 and 2 
Pl. vi. were detached from the rock, gummed on to glass and 
photographed by transmitted light. 


Description. 


The leaves from the Gristhorpe bed, which I propose to call 
Hretmophyllum* pubescens, vary somewhat in shape but are usually 
oblanceolate sometimes becoming almost linear. They may be 
straight but are often slightly falcately curved or at least un- 


symmetrical with one margin straight and the other curved — 
(cf. figs. 1 and 2). They are broadest towards the apex and taper _ 
gradually towards the base, the lamina passing into a broad — 
petiole of varying length. The leaves differ somewhat in size; — 


of the few complete examples the smaller are about 7 cms. long — 


and 1 cm. broad, the larger 10 cms. long and about 2°5 cms. broad. 
Fragments of leaves more than 3 cms. broad have been found, 
which, when complete, may have exceeded a length of 10 cms. 


The average leaf is about 17 cms. broad and 9°5 ems. long, — 


* From éperuovy =an oar or paddle and ¢¥\Aov=a leaf. Iam indebted to Miss W. 
M. L. Hutchinson for suggesting this name, 


| 
| 
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including the petiole which measures from 1—3 cms. The margins 
of the lamina are entire and the apex either bluntly rounded or 
somewhat retuse (cf. fig. 2), in the latter case the apical notch is 
obliquely placed. Towards the base of the lamina the margins 
are frequently thickened on one face, the thickened portions 
passing into the petiole in the way usually seen in the leaves of 
the recent Ginkgo biloba. The petiole is somewhat expanded at 
its base. 

The venation is usually very distinct. Two or three veins 
coming up from the petiole become distinguishable at the base 
of the lamina and soon dichotomise several times, the resulting 
divisions run parallel to each other through most of the length 
of the leaf (fig. 1), though in the more obovate forms they may 
again fork occasionally. Near the apex the veins converge some- 
what. The veins are large and widely separated ; they are from 
1mm. to 15 mm. apart. Ina leaf of average size 13 veins occur 
in a width of 16mm. Some of the leaves are now in a peculiar 
brown translucent condition and their veins can be often seen 
under the microscope to consist of a number of fine parallel dark 
strands, no doubt representing the original xylem or sclerenchyma 
strands. 

Between the veins in some of the larger specimens a row of 
small spots or short lines may be observed which are visible to 
the naked eye and are 2—3 mm. apart. These are the secretory 
tracts which are seen in the corresponding position in recent 
Ginkgo leaves, which have been figured in the Jurassic Ginkgo 
Obrutschewi by Prof. Seward* and which I found to be present 
in some Ginkgo leaves from the Yorkshire Jurassic collected by 
Prof. Nathorst and now in the Stockholm Museum. When the 
leaves are macerated, these little secretory tracts yield small 
groups of cell-like structures which resist the action of the acid 
and might in some circumstances be taken for groups of spores. 


The Cuticular Structure. 


As is usually the case with stout leaves that separate readily 
from the matrix, the present specimens yield excellent cuticular 
preparations in which the outlines of the epidermal cells and the 
stomatal openings are clearly seen. In H. pubescens the upper 
and lower cuticles are very distinct. The upper epidermis was 
composed of more or less uniform cells and was devoid of stomata. 
The cells were irregularly angular or polygonal in shape, becoming 
somewhat elongated above the veins. Their walls, which are 
usually straight, sometimes show the slight undulations of the 


* Seward (11), p. 46, Pl. rv. figs. 42, 43. 
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type seen in some recent Ginkgo leaves. In the centre of each 
cell is a short but conspicuous papilla (cf. fig. 4) and the presence 
of these structures gives to the cuticle a very characteristic 
appearance. 

On the cuticle from the lower epidermis, the papillae are still 
more marked (fig. 3); the epidermal cells were again irregularly 
polygonal in shape. In these preparations we see the stomata 
very clearly, they are confined to the areas between the veins. 
The stomata are arranged in irregular rows and are easily dis- 
tinguishable on account of the thickened subsidiary cells. The 
guard cells do not seem to have been thickened and were somewhat — 
sunken, their outlines are now only indistinctly seen. Above and — 
around them lie the subsidiary cells (fig. 5) four to seven in 
number, regularly arranged and with clearly defined walls; they 
are more or less uniformly thickened and sometimes possess small 
papillae, they show more clearly after staining with Fuchsine. 

These stomatal structures show close resemblance to those of 
other Jurassic leaves allied to Ginkgo, and also to the stomata of 
the present-day leaves of this form*,; the recent stomata, how- 
ever, are less deeply sunken and not so much covered by the — 
subsidiary cells. 


The Whitby specimens. 


In one of the plant beds on the Scar at Whitby I have found 
several portions of leaves which seem to belong to this genus. 
The largest piece is about 7 cms. long, 12 mm. broad and slightly 
faleate; though neither end is seen, it tapers slightly above and 
below. Another well-preserved fragment belonged to a some- 
what broader leaf. The veins in these examples are about 1 mm. 
apart but do not clearly show any forking; a portion of one 
margin is slightly thickened as near the base of #. pubescens; 
secretory tracts have not yet been observed. The leaves were 
again stout and can be readily detached from the matrix. The 
epidermal structure of this form, which I propose to call #. Whit- 
biense, differs considerably from that of HH. pubescens. When 
viewed under the binocular microscope, the upper surface is seen 
to be rough, the individual cells being more or less visible as 
convex projections. The areas above the veins are distinguishable — 
by their more elongated cells but in addition to these, interstitial 
strands of elongated cells are seen between the veins, which 
sometimes appear to anastomose with each other, and may have 
corresponded with thickened hypoderm strands or small veins. 


* Cf. Seward (11), Pl. v. figs. 59-62. 
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Similar interstitial strands have been recorded in Ginkgodium 
by Yokoyama* and in some BaierasF., 

The cuticular preparations made from the leaves of this species 
are generally somewhat thicker than those from 4. pubescens. The 
cells of the upper epidermis were strongly cuticularised above the 
veins and somewhat elongated (ef. Pl. vu. fig. 8), while the areas 
between the veins were composed of more rounded cells with a 
convex outer surface; in this region stomata are frequently seen 
(fig. 9, st), which are much smaller than those on the lower epidermis. 
The distinction between the cells above and between the veins is 
much greater than in the Gristhorpe specimens. The lower 
epidermis consists of fairly uniform squarish or hexagonal cells 
all considerably thickened (fig. 6). The stomata are seen in the 
areas between the veins but are smaller and fewer in number 

than in E. pubescens, they show five or six subsidiary cells of the 
same type as in that species (fig. 7), and these sometimes possess 
small papillate projections though they are not specially thickened. 
The guard cells were sunken, being just visible through the pore 
in the centre of the overarching subsidiary cells. 

It will be seen from the foregoing description that the Whitby 
and Gristhorpe specimens exhibit some well-marked differences, 
chiefly in cuticular structure, but also in external appearance in 
well-preserved specimens. The resemblances and differences may 
be summarised as follows. 


ERETMOPHYLLUM gen. nov. 


Leaves oblanceolate to linear tapering into a distinct petiole. 
Apices rounded or retuse. Veins distant, dichotomising near base 
of lamina and more or less parallel above, slightly convergent near 
apex. Epidermal cells more or less rectangular or polygonal. 
Stomata with group of angular subsidiary cells regularly arranged 
round and above the guard cells. 


ERETMOPHYLLUM PUBESCENS sp. Nov. 


Surface of leaves appearing more or less smooth. No inter- 
stitial veins or strands. Secretory tracts present between the 
veins. Epidermal cells of upper surface uniform, without stomata, 
Cells of upper and lower epidermis with short papillae. Stomata 
numerous on lower side of leaf. 


ERETMOPHYLLUM WHITBIENSE Sp. NOV. 


Upper surface of leaves rough. Interstitial veins or strands 
present between the veins. Cells of upper surface elongated 


* Yokoyama (89), Pl. virt. figs. 1, la, 14, 14a. 
+ Kyrasser (05), p. 24. 
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: 
above the veins, stomata present in areas between the veins. 
Papillae absent. Lower epidermis smooth. Papillae only on 
subsidiary cells of stomata. Stomata small and not very 
numerous. 


Relationship with other forms. 


The genus Hretmophyllum, as has been already mentioned, 
possesses a number of features in common with the leaves of 
Ginkgo and must undoubtedly be classed among the Ginkgoales. 
The points of resemblance may be here summarised. Leaves 
broadest towards the apex, the lamina merging gradually into 
the petiole at the base, apical portion sometimes with a notch. 
Margins of the leaf thickened at the base. Veins distant, dicho- 
tomising. Secretory tracts between the veins. Epidermal cells 
rectangular or polygonal, their walls sometimes slightly sinuous. 
Stomata with sunken guard cells surrounded by five to seven 
somewhat thickened subsidiary cells arranged in a regular radial 
series. 

The leaves differ from those of Ginkgo in being oblanceolate 
or linear, but approach those of Ginkgodiwm in outline. Many 
examples of the latter have been figured by Yokoyama* and I 
have also described specimens from South Russia-F which may be 
referred to the same genus. Ginkgodium, however, is distinct in 
possessing shorter and comparatively broader leaves often deeply 
divided at the apex. A much more important distinction is seen 
in its nervation, the veins being fine, very numerous and parallel 
instead of spreading, they occasionally fork but do not converge 
at the base of the leaf, apparently springing from the thickened 
margin; interstitial nerves occur, but the venation is entirely 
different im character from that of the present genus. 

In their form, their slightly faleate shape, and to some extent 
in their nervation, my leaves resemble those of Feildenia described 
by Heer? from the Miocene of Grinnell Land. The leaves of this 
genus, however, differ considerably from mine in their smaller size, 
closer venation and less distinct petiole. Feidldenia Mossiana Hr. 
in its more ovate shape and coarser venation is the most com- 
parable, but the curious convergence of the veins at the apex (if 
correctly figured) is very distinct. The veins in Hretmophyllum 
usually converge somewhat at the apex but never join in any 
way resembling Heer’s figure§. 

Fontaine|| has figured a leaf of somewhat similar character to 

* Yokoyama (89), p. 56, Pl. 1. fig. 4c, m1, 7, vit., rx. 1—10, xir. 14, 15. 

* Thomas a), Pl. iv. figs. 9-11. 

+ Heer (78), p. 21, Pl. 1. figs. 3—11, vim. 2a, 3a, 4, 5. 


§ Idem, Pl. vit. figs. 2a, 3a, 4. 
|| Fontaine (89), Pl. uxxxv. figs. 5, 5a. 
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F. Mossiana from the Potomac beds of Virginia, with veins which 
fork in the lower part of the leaf, then run parallel and near 
the apex converge and join up on a central line. This type may 
be perhaps related to the Yorkshire form but the peculiar course 
of the veins at the apex, which according to Fontaine is clearly 
‘seen, is quite a distinguishing feature. 
The only leaf bearing a close relationship to those before us, 
‘which I have found already figured, is the form recently described 
by Prof. Seward* from Afghanistan under the name of Podoza- 
mites Saighanensis. This leaf had a similar form and size to some 
of our examples, with a well-defined petiole and parallel veins 
1mm. apart, which branched near the petiole and converged 
slightly near the apex. 

In referring this form to Podozamites, Prof. Seward pointed 
out that it could be compared with the leaves of Ginkgoales 
especially with the Ginkgodium type. It is extremely probable 
that this leaf should be placed in the genus Hretmophyllum, though 
until more material is forthcoming it is impossible to determine 
whether it is specifically as well as generically identical with 
either of the Yorkshire species. 

It probably provides another example of a Jurassic genus 
with very discontinuous distribution. 

Among the numerous examples of Podozamites which have 
been figured, a few show some slight resemblance to our present 
form, but none show the gradual narrowing of the lamina into a 
distinct petiole. Some of the examples of P. lanceolatus possess 
similar nervation and a small petiolet. The sporophylls recently 
described by Nathorstt as Cycadocarpidium Swabi possess 

distant veins which fork near the base of the lamina and thus 
allow of a somewhat limited comparison. 

A comparison may also be made with the isolated leaves 
figured by Fontaine§ from Cape Lisburne, Alaska, under the name 
of Nageiopsis longifolia? Font., but which according to Berry|| are 
in nowise related to Nageiopsis. Fontaine's figure 5 might possibly 
be an Eretmophyllum leaf figured upside down, and the shape 
of the other fragments, their distant veins almost parallel but 
sometimes forking, present some points of similarity. 

It seems then that we are justified in regarding these York- 
shire leaves as types of a new genus of Ginkgoalian plants, which 
form a connecting link between Ginkgo or rather Ginkgodiwm 
and Feildenia or Phoenicopsis (if indeed these latter genera are 
members of the Ginkgoalian alliance). 

* Seward, (12), p. 35, Pl. rv. fig. 53. 
+ Heer (77), Pl. xxvut. figs. 3, 4, 5c. 
+ Nathorst (11), p. 5, Pl. 1. figs. 11—15. 


§ Fontaine in Ward (05), Pl. xiv. fig. 1—5. 
|| Berry, (10), p. 190. 
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DESCRIPTION OF FIGURES. 


Piatt VI. £. pubescens. 

Fie. 1. Upper portion of a leaf of average size showing parallel 
venation, secretory tracts and shape of apex. Reduced to ?ths. 

Fic. 2. Almost complete small leaf showing unsymmetrical shape, 
retuse apex and forking venation. Like fig. 1 this photo was taken, 
by transmitted light, of the actual leaf which had been removed from - 
the rock. x 3. 

Fig. 3. Cuticle of lower epidermis showing stomata and papillate 
cells. x 40. 


Fie. 4. Cuticle of upper epidermis showing papillae and slightly 
sinuous walls of cells. x 150. 


Fie. 5. Cuticle of lower epidermis showing stomata with thickened 
subsidiary cells. x 150. 


Puate VIL. #. Whitbiense. 
Fic. 6. Cuticle of lower epidermis. x 40. 


Fic. 7. Part of the same more highly magnified, showing stomata 
with surrounding subsidiary cells. x 150. 

Fic. 8. Cuticle of upper epidermis showing rows of elongated 
cells above veins or hypodermal strands. x 40. 

Fic. 9. Part of the same more highly magnified, showing thickened 
elongated cells above a vein and thinner portion with stomata (sf). 


x 150. 


Phil. Soc. Proc. Vou. XVit. Pt in. Puate VI, 


we Sf «> ie 
* € a . 
5 @ Mattes 
ees f 
ii wh 3 
i . 
os Ee 
¥ m 4 
=) b, 
ee 


H. H. T. phot. 


ERETMOPHYLLUM PUBESCENS. 


PLATE VII. 
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The Unstable Nature of the Ion in a Gas. By R. D. KLEEMAN, 
_DSe. (Adelaide), B.A., Emmanuel College. 


[Read 19 May 1913. | 


Theoretical considerations. 


THE ions in a gas are usually assumed to be stable at constant 


temperature. The writer has pointed out*, however, that it follows 
_ from thermodynamical considerations that this can by no means 


be tke case. It is shown that an ion cluster should be continually 
changing in complexity, the changes being governed by the same 
laws as chemical dissociation, namely by the laws of thermo- 
dynamics and the law of mass-action. 

Some of the principal deductions made in the paper quoted 
will be mentioned here as an introduction to the experiments 
described in this paper. If 1 denote the velocity of a free ion, 
v, that of a cluster formed by the elementary ion and a molecule, 
v, that of a cluster formed by the elementary ion and two molecules, 
and so on, and ¢), ¢), C2, --. denote respectively the concentrations 

-of the ion clusters and the elementary ions, then the average 
velocity V, the quantity measured in practice, is given by 


Va (yt 2 +2 1+ ) ! 
or daa? ieee 2s 
Oy Gs 
This equation may also be written 
Pe eT alge ET 44.) Se 
TL + Agneta He 


where H, denotes the energy of formation of a cluster 1 from an 
elementary ion and a neutral molecule at the temperature 7, 
H, the energy of formation of a cluster 2 from an elementary ion 
and two neutral molecules, and so on, and A,, A., ... are constants 
which depend only on the nature of the gas. 

From considerations based upon the kinetic theory of gases 1 
follows that the velocity of a stable cluster in a gas must depend 
on its mass, and decrease with an increase of its mass. The result 
obtained by Blanc and Wellisch+ that the velocity of an ion ina 
gas does not depend much on the nature of the molecule from 


* Proc. Camb. Phil. Soc. vol. xv1. pt. 1v. p. 285. 
+ C. R. cxuvu. July 1908, pp. 39—42 ; Proc. Roy. Soc. Ser. A, uxxx. July 31, 
1909, pp. 500—517. 
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which it is derived may therefore be explained by the ion cluster 
continually changing in complexity, the effect of which might be— 
to produce approximately the same average velocity in each case. 

The ions made in a gas are initially elementary ions, and a 
certain time must therefore elapse after their production before — 
all the possible kinds of clusters are formed and they are in equi- 
librium with one another. Therefore if the ionic velocity of freshly | 
made ions is measured over a distance of such magnitude that all 
the possible clusters have not time to form, the velocity will be 
greater than that obtained over much larger distances. Moreover, — 
the velocity will depend on the magnitude of the electric field 
applied. By means of this result the increase of the ionic velocity — 
greater than inversely proportional to the pressure of the gas at 
low pressures was explained. 


Haperiments on the Ionisation by Collision with Positive Ions. 


In the experiments on ionisation by collision the initial ionisa- 
tion usually takes place in the powerful electric field in which 
new ions are produced by collision. The elementary ions are then ~ 
seized upon by the electric field before they have time to attach 
themselves to neutral molecules, and given a velocity sufficiently 
large that ions by collision are produced, after which their chance 
of attaching themselves to neutral molecules is small. Therefore 
if the initial ions are made in a weak electric field so that they — 
have a chance of forming clusters, and they are then drawn into 
the powerful field, we should expect that results would be obtained 
which differ in many respects from those obtained in the former 
case. The writer has carried out a set of experiments of this 
nature*, Fig. 1 indicates the experimental arrangement used. 
A is a plate connected to an electrometer, and B a wire gauze at 
a distance ‘5 cm. from the plate. The chamber C, which was in 
electrical connection with the gauze, was connected with a battery 
of cells. Ions were made in the part a@ of the chamber and drawn 
through the gauze by the weak field existing between gauze and 
chamber due to some of the lines of force which end on the plate 
threading through the gauze on to the chamber wall. Negative 
or positive ions were drawn through the gauze accordingly as the 
chamber was raised to a negative or positive potential. It was 
found that the admixture of a gas to a gas of a different kind 
produced an effect which could only be explained by the nature 
of the positive ion depending on the nature of the atom or mole- 
cule from which it is produced. This result is of importance 


* Proc. Camb, Phil. Soc. vol. xvi. pt. 7, p. 621. Erte 
Note. In the figures of this paper containing curves read 200 volts per division 
instead of 40, the small divisions not having come out in the photographs. 
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in connexion with experiments on the nature of the ions in a 
discharge tube. It is found that hydrogen atoms and molecules 
positively charged are always present in the tube, and their 
apparent number may even be increased by the addition of a gas 
whose molecules do not contain hydrogen. At first sight this 
would seem to indicate that the nature of the positive ion is 
independent of the nature of the atom from which it is produced. 
But this explanation is not conclusive, since the increase in the 
number of hydrogen atoms can also be explained thermodynamic- 
ally. Hydrogen is always given off by the electrodes in the tube 
due to the discharge, and is therefore always initially present. 

Evidence was also obtained that a molecule when ionised 1s 
sometimes split into its constituent atoms. 


Fig. 1. 


Experiments on the Ionisation by Collision with Negative Ions. 


Further experiments were carried out along the same lines, 
especially with the negative ions, which will be described in this 
paper. For the experimental details (the same apparatus as before 
was used) the reader must consult the paper quoted. 

Fig. 2 shows two curves obtained with negative ions when 
ether vapour was in the chamber. The curve A was obtained 
with the ions drawn through the gauze from the space adjacent 
to its lower side. The curve B was obtained after placmg a 
quantity of radium near the chamber, in which case additional 
initial ions were made in the space between the gauze and plate 
by the y rays of the radium. These ions are not given an oppor- 
tunity of forming clusters. In the latter case the curve should 
be situated nearer to the zero than in the former, because in that 
ease we are dealing with a larger amount of initial ionisation. 
That this must be so will at once be seen on doubling all the 
ordinates of the curve A, which amounts to doubling the number 
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K 


of ions drawn through the gauze. It will be seen that the curve 


B is nearer to the zero than the curve A, as required. But the 
difference in position is much greater than warranted by the 
increase of the initial ionisation on bringing the radium near 
the chamber, which is very small since the curves almost coincide 
for small fields. It follows therefore that only a small proportion 


of the ions drawn through the gauze are in a state fit for the — 


production of ions by collision, or the proportion of free ions to 
clusters is small in a number of ions in equilibrium in ether. 
The following vapours were also examined in this way: ethyl 
propionate, methyl butyrate, acetylene, hydrogen, oxygen, nitrous 
oxide, carbon dioxide, air, carbon tetrachloride, ethyl chloride, 
chloroform, pentane, benzene, hexane, aldehyde, methyl formate, 


Leak 


200 400 600 800 1000 1200 1400 
Volts per cm. 


Fig. 2. 


methyl bromide, methyl iodide, ethyl bromide, ethyl iodide, and 
carbon disulphide. The results obtained could to a certain extent 
be compared with one another, as will be explained. From the 
theory of clustering referred to at the beginning of the paper it 
follows that the number of free ions to clusters is independent of 
the pressure of the gas. The writer* has shown that the relative 
ionisation in gases whose molecules do not contain atoms of higher 
atomic weight than that of the chlorine atom is the same for v 
and a rays, and in the case of the other gases the ionisation is 
greater in the latter case than in the former, but the ratio is 
always less than two. The initial numbers of free ions introduced 
by the y and a rays respectively are therefore always proportional 


* Proc. Roy. Soc. A, vol. uxx1x. p. 220, 1907. 
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to one another in the case of the former gases. It follows there- 
fore that the ratio of the abscissae of two points one on each of 
the steep part of two curves of the type A and B corresponding 
to a common ordinate, should be approximately independent of 
‘the pressure of the gas. This was found to be the case. We may 
therefore as a first approximation take this ratio as a relative 
‘measure of the proportion of free ions to clusters in a gas. It was 
found that in the majority of the gases mentioned this ratio was 
approximately the same as that obtained with ether. The gases 
‘which showed a considerable deviation from this were carbon 
tetrachloride, carbon disulphide, benzene, air, oxygen, chloroform, 
and hydrogen, whose ratios were considerably greater than the 
ratio obtained with ether. Especially was this the case with 
earbon tetrachloride, carbon disulphide, and benzene; for these 
three gases the curves obtained almost coincided with one another. 
It follows therefore that the proportion of free ions to clusters in 
these particular gases is considerably greater than in the case of 
the other gases in which the relative ionisation for y rays is the 
same as for a rays. 

The separation of the curves obtained with the gases con- 
taining bromine and iodine atoms in their molecules was about 
the same as that obtained with ether. This separation is in part 
due to the greater relative ionisation of these gases with y rays 
than with a rays. But the difference in ionisation accounted only 
for a small part of the separation. We may therefore conclude 
that these gases fall into line with the majority of the other gases. 

It will be of interest here to consider theoretically the be- 
haviour of ion clusters in gaseous mixtures. In one of the papers 
quoted it is shown that c, =t,n,, where c, denotes the concentra- 
tion of the ion clusters of the type n, t, the period of life of a 
cluster, »,, the number of clusters changing into other clusters 
per second. Now the quantities ¢, and n, depend directly on 
the nature of the collision between a cluster and the surrounding 
molecules. Thus when a cluster collides with a molecule the 
latter will have a dissolving or dissociating action upon the cluster 
due to electrostatic induction, chemical attraction, etc., apart from 
the kinematical effect of the collision. Therefore when two gases 
are mixed the ratio of free ions to clusters is not likely to be the 
mean of the ratios of the constituent gases, but may be much 
greater or much smaller, even if no new kinds of clusters are 
formed after mixture of the gases. Thus the behaviour of a 
mixture of gases can hardly be predicted from that of its con- 
stituents. 1f new kinds of clusters are formed after mixture of the 
gases, matters are still further complicated, and we may be quite 
sure then that the ratio is different from the mean of the ratios of 
the constituent gases. 
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| 
Some experiments by Latty, Frank, and Townsend on the — 
velocity and diffusion of ions have a bearing on the clustering | 
effect under consideration. Thus Latty* found that the velocity 
of the negative ion in air specially dried is much greater than that | 
usually observed. Moreover, the velocity did not vary inversely as | 
the pressure of the air under these circumstances, For example, | 
a velocity of 173 cm. per second was obtained for the negative ion | 
in air at a pressure of 10 mm. of mercury on applying an electric — 
force of °5 volt per cm., which is about 100 times the velocity | 
obtained under ordinary conditions, On increasing the electric | 
field to ‘9 volt per cm. the velocity rose to 1845 cm. per second. 
It appears therefore that a cluster in air composed of an elementary | 
ion and water and possibly air molecules, is much more stable — 
than when the cluster is composed of air molecules only. 
Frankt found that the velocity of a negative ion in carefully 
purified argon is 206°3 cm. per second, but that it falls to 17 em. 
per second on adding about one per cent. of oxygen. A cluster in 
argon composed of argon molecules only is thus very unstable and 
has a correspondingly short period of life, but its stability is 
greatly increased when oxygen molecules enter into its com- — 
position. | 
Townsend} found that when a gas has been subjected to a 
drying process for several days the rate of diffusion of the negative 
ions greatly increases, and does not obey the ordinary laws of 
diffusion. The effect seems to be greater with H, than with O,, 
and much greater with these gases than with CO,. A cluster in 
CO, composed of an elementary negative ion and CO, molecules 
thus seems to be comparatively stable. 
When the ions are drawn through the gauze (see fig. 1) in 
experiments of the nature described in a previous part of the 
paper, a certain fraction (which may have any value lying between 


unity and z ) should be, as we have seen, in the elementary state, 


and thus be in a state fit for the production of ionisation by 
collision if the electric field be sufficiently large. Further ions 
become elementary on their passage from the gauze to the plate, 
and the number of initial ions available for the production of 
ionisation by collision is thus increased. It will be of importance 
therefore to obtain a formula for the current observed under these 
conditions when the field is sufficiently large to produce fresh ions 
by collision of ions. The case when fresh ions are produced by 
collision of the negative ions only will be considered first. 

Let K denote the total number of ions drawn es the 

* Proc. Roy. Soc. A, vol. uxxxiv. 1910. 


+ Verh. d. Deut. Phys. Gesell. March, 1910, pp. 291298. 
+ Proc. Roy. Soc. A, vol. LXxxy. pp. 2529, 1911. 
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gauze of which k, are elementary negative ions and hk, clusters of 
various complexities, and thus K=k,+h,. The quantity K can 
be measured directly. The elementary ions give rise to a current 
k,e by collision with neutral molecules*, where / denotes the 
distance between gauze and plate, and a the number of fresh ions 
produced by a negative ion per cm. of its path. 

There is an additional current produced by some of the clusters 
becoming elementary ions during their passage from gauze to 
plate. Let WV denote the number of clusters in a c.c. at a distance 


« from the plate. We then have de=— dn. e, where de 


denotes the current from a strip of gas of thickness dw and unit 


:, aN 
area in which ——.d« clusters become elementary ions per second. 


dt 


Now ee N. where 7» denotes the fraction of clusters be- 


dt 


coming elementary ions per second. Integrating this equation 


we have WV = — e—, where ¢ denotes the time the clusters take 


V 


1 
to pass over the distance (J—«), and V, the average velocity of 


a cluster. The value of ¢ is given by t= _ Therefore 
1 


dN k,  -%# 


V, 
GB Va 
we =) 
and thus dc = mee LI 
1 


Integrating this equation between the limits =/ and «=0 we 
obtain 


ae {ele — ei 
Viat+n 
The total current C is therefore given by the equation 
s kon d 
= Ge ae VEN ICIEG! cosssoacaoa: 1 
eee | (1) 


: : : Ue : 
If » is small in comparison with V,a, 7 => is small in com- 


V, 


parison with Ja, and the equation becomes 


ae kon la 
Cc a + i Chee Wenn sat cict cha on bs (2). 


It will be seen that in the latter case the effect produced by the 


* The Theory of Ionisation by Collision, p. 4. By Prof. J. S. Townsend. 
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dissociation of the clusters is equivalent to an additional number 


of free ions equal to =: being drawn through the gauze. 


V, 

In the paper on clustering of ions quoted it is shown that 
tn =c, where c denotes the concentration of the clusters per c.c., 
n the number changing into other clusters and elementary ions 
per second, and ¢ the life of a cluster. If the clusters are con- 
sidered in a body so that ¢ denotes the average life of a cluster, 
nc =n, and therefore ¢ = 7 

It appears also that the dissociation of a cluster takes place 
after it has undergone a certain average number of collisions, and 
the time required for these collisions therefore varies inversely as 
the pressure of the gas, or 7 increases with increase of pressure 
of the gas. But the value of 7 probably also depends on the 
electric field applied to the gas when of great intensity. The 
field increases the violence of collision of the cluster with other 
molecules and consequently decreases its period of life. Since the 
kinetic energy given to a cluster between two consecutive collisions 
is proportional to the electric field and inversely proportional to 
the “mean free path” of the cluster, the effect of the field on the 


value of 7 may be expressed as a function of za We may there- 


fore write n=p.¢, (=) , where the value of ¢, CG} increases with | 


an increase of X, and consequently decreases with an increase of p. 

If y denote the fraction of elementary ions becoming clusters 
per second of a number of ions in equilibrium we have yk, = nkp, 
since the number of elementary ions becoming clusters per second 
must be equal to the number of clusters becoming elementary 
ious. The ratio of k, to k, is independent of the pressure of the 
gas when the ions are not subject to any external force such as an 
electric field. The effect of the electric field may as before be 
expressed in terms of = or do eh It follows therefore 

2 


that we may write y=p. 4; (=) : 


The foregoing considerations will now be applied to some of — 
the experimental results obtained. Let us first calculate the 
fraction of elementary ions drawn through the gauze that would 
have to be in the elementary state to account for the current due 
to ionisation by collision on the supposition that no clusters be- 
come elementary during their passage from gauze to plate. Thus 
in the case of CO, at a pressure of 9°5 mm. of mercury a current 
of 187 in arbitrary units was obtained corresponding to a field of — 
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1360 volts percm. From the curve for CO, giving* the relation 


between = and = we obtain : = 1:62 corresponding to 


X 1360 

ESSA 140, 
and hence a=15°39. Let n, denote the initial ionisation that 
would account for this current. Then we have 187 = n,e°*%9, 
and hence n, = 064. The actual number of ions drawn through 
the gauze corresponding to a field of 1360 volts can most ac- 
curately be obtained by reversing the field and measuring the 
positive leak obtained. This leak was found to be equal to 25. 
Thus about -2 7% only of the ions drawn through the gauze need 
be in the elementary state to account for the current obtained. 
Actually a smaller fraction is in the free state since some of the 
clusters become elementary ions during their passage from gauze 
to plate, and augment the current due to collision of ions. The 
result obtained fits in with experiments described in a previous 
part of the paper, where it was shown that the position of the 
collision curve (fig. 2) with respect to the axes is greatly in- 
fluenced by radium brought near the chamber, though the initial 
ionisation was not increased by an appreciable degree. 

In the case of air (dried by bubbling it through strong H,SQO,) 


at a pressure of 15 mm. of mercury a current of 172 was obtained 


corresponding to a field of 1440 volts per cm. Now ae 


corresponding to ze = 96, and hence a=12°75. The value calcu- 


lated for n is thus 37. The total current through the gauze 
corresponding to 1440 volts per cm. was equal to 20. Thus less 
than 2°/ of the ions drawn through the gauze were in the free 
state. Ina similar way it was shown that a small fraction only 
of the negative ions drawn through the gauze when H, was in the 
chamber are in the free state. 

It might be suggested that the meshes of the gauze in causing 
the electric field to be non-uniform in its immediate neighbour- 
hood give rise to the results obtained. Thus the effective distance 
between gauze and plate may be smaller or greater than that 
which actually exists. If however the distance between the plate 
and an imaginary plane corresponding to the collision current for 
a constant voltage per cm. is calculated, it is found to be only 
14 of the actual distance between gauze and plate. It is quite 
certain from this number that the effect is not due to the meshes 
of the gauze. 


* The Theory of Ionisation by Collision, pp. 19—21. By Prof. J. S. Townsend. 
18—2 
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The fraction of clusters drawn through the gauze that become 
elementary ions on their passage from gauze to plate must be 
small if the calculated fraction is small of the ions drawn through 
the gauze that must be in the elementary state to account for the 
total current observed due to ionisation by collision. If all the 
clusters were to become elementary ions before reaching the plate 
the current obtained would be very nearly equal to that obtained 
on the supposition that all the ions drawn through the gauze are 
in the elementary state. Since only a small fraction of the ions 
are in the elementary state it follows that the life of a cluster in 
the gases under consideration is greater than the time the cluster 
takes to pass from gauze to plate. If the velocity of a cluster is 
taken equal to the velocity of an ion measured in the usual way 
(strictly it must be less) the time of passage of a cluster in the 


experiments just mentioned is for CO, eee = 00735 sec. and 
oy up DoS US ; ‘ ; ; 
for air 187x760 7 00554 sec. Thus the average periods of life 


of the clusters must be greater than these values, and the values 
of 7 consequently less than 66°45 and 90:2 respectively. 

The values of V,a in the cases under consideration are 1047 
and 1150 respectively, and thus the values of » are small in 
comparison with the values of V,a. Equation (2) may therefore 
be used to calculate the values of y, if ae is not small in com- - 

1 
parison with &,. 

Thus for example in the case of air a current of 172 and 80 
was obtained corresponding to a field of 1440 and 1320 volts 


respectively. The values of < corresponding to the values of a | 


are ‘85 and ‘715 respectively. The positive leaks corresponding — 


to the above voltages were 20 and 18°5 respectively. If k, denote 


the number of free ions and &, the number of clusters corre-_ 


sponding to the leak 20, the number corresponding to the leak 
18°5 are k, a and k, — The two simultaneous equations 


obtained from equation (2) and the equations k,+4,=20 and 
t:n=1 then give k,='196, k,=19°8, n=11384, and t,='89 sec. 


Thus about 1 7% of the ions in equilibrium in air are in the 
elementary state; and the period of life of a cluster at a pressure 

of 15 mm. of mercury is of the order of one second. The value of 
y is 115, and the corresponding period of life ¢ of an elementary 

ion therefore ‘00872 sec. Since ¢, and ¢, are inversely proportional 

to the pressure, their values at atmospheric pressure are ‘0176 and 

‘000172 second respectively. 
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It is of interest to obtain a value for the average number of 
collisions a negative cluster undergoes before becoming a simple 
ion. From the kinetic theory of gases we find that the number 
of collisions an air molecule undergoes with other molecules at a 
temperature of 30° is 1:6 x 10" per second. A negative ion cluster 
in air at standard pressure therefore undergoes on the average a 
number of collisions of the order 10° per second before becoming 
a simple ion, and an elementary ion undergoes a number of 
collisions of the order 10° per second before it successfully forms 
a cluster. 

The above calculations cannot be carried out with success in 


the case of CO,; very likely y = is small in comparison with 7. 


Townsend’s experiments on diffusion suggest that 7 is probably 
smaller in CO, than in other gases. Better results might be 
obtained after making some improvements in the experimental 
arrangement. These would consist in having the distance be- 
tween gauze and plate as large as is convenient, and using as 
large a potential difference as possible, the pressure of the gas 
being regulated to suit these conditions. 

The numerical results obtained for air can only be approxi- 
mately correct because the calculations are subject to considerable 
errors, as small errors in the data may appear as large errors in 
the ultimate results. Moreover, we have seen that the period of 
life of a cluster and elementary ion depends greatly on the dryness 
of the air. Latty’s experiments suggest that the period of life of 
an elementary ion in air specially dried is much greater than that 
obtained by the writer. It appears also that under these circum- 
stances the values of « would be very different from those obtained 
by Townsend. The dryness of the air in Townsend’s and the 
author's experiments was however probably approximately the 
same, and as the velocity of an ion and other quantities are 
approximately independent of the dryness when it is not ex- 
ceptionally great, the use of Townsend’s values of « was not 
objectionable. Further the values of 7 and ¢, are probably also 
seriously affected by the electric field when it is so large that new 
ions are produced by collision. However, the results obtained 
give one some idea of the processes going on in an ionised gas, 
and the order of magnitude of the quantities involved. 

The conclusions of a general nature that can be drawn from 
the author’s experiments and those of other investigators are as 
follows. The period of life of an elementary negative ion or a 
eluster depends very much on the nature of the gas in which it 
is formed. It depends also very much on slight admixtures of a 
different gas. The period of life of a cluster in a gas at standard 
pressure may have a value lying between a few seconds and a 
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small fraction of a second. The order of magnitude of the period 
of life of an elementary negative ion is about ;4, that of a 
cluster. 

The results obtained have an important bearing on the motion 
of a negative ion in a gas under the influence of an electric field. 
The average velocity V of the ion under unit electric field is 
obtained from an equation given at the beginning of the paper 
which may also be written 

y= Coot Care 
Co + Ca 


b) 


Z| 


where cq denotes the concentration of the clusters (considered in — 


a body) and v, the average velocity of a cluster, and ¢ and % these 
quantities corresponding to the elementary ions. The experiments 
of Latty on the velocity of the negative ion in air specially dried 
suggest that v, is of the order 100V. Since cy, we have seen, 


is of the order 


= , the order of magnitude of ¢,% is the same as 


that of cad, and the presence of free negative ions in a gas thus 
affects the average ionic velocity. Thus the various expressions 
for the velocity of an ion through a gas that have been obtained 
by different physicists on the supposition that the ion consists of 
a definite unchanging cluster of molecules cannot be regarded as 
representing what actually happens in the gas, but have value 


only as useful empirical formula. It is conceivable that the effect _ 


of the passage of the ion through cycles of clustering on its 
velocity might be the same as that of a cluster of average mass. 
It should also be noticed that these formulae usually rest on one 
or more additional assumptions, which are not likely to be 
realized in practice. One of them is that the motion of an ion 
due to the electric field is reduced to zero on each collision with 
a neutral molecule. 

The results obtained have also an interesting bearing on the 
interpretation of the results obtained on ionisation by collision im 
the usual (Townsend’s) experimental arrangement. We have seen 


that Be ps (=) , where ¢, (=) increases with an increase of the 
ve Pp Pp 


field and consequently decreases with an increase of the pressure. 
But it probably varies only appreciably with the field when its 
strength is comparable with that necessary to produce ionisation 
by collision. But even when ionisation by collision occurs 4, may 
not be zero, for sometimes the collision of an elementary ion with 
a molecule must be favourable for the formation of a cluster. But 
the life of such a cluster will of course be much smaller than 
when the field is weak, Thus the current when ionisation by 
collision takes place may be divided into two parts, a current 
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of elementary ions and a current of clusters. But the elementary 
ions only produce further ions by collision. Now the quantity a 
in the ordinary theory of ionisation by collision is calculated on 
the supposition that the whole current consists of elementary ions. 
The quantity a when it refers to the partial current of elementary 
ions is however the important one, it will in this case be denoted 
by a. The a’s are connected by the equation C,a,=a(C, + C,), 
where C, denotes the current of elementary ions and C, that of 
the clusters. Since C, increases while C, decreases with increase 
of electric field, the value of a, differs most from that of « when 
ionisation by collision begins to come in, being always greater 
than a,, while for much greater fields they may be practically 


equal to one another. The curves connecting - and 3 would 


therefore be less concave towards the D axis near the origin than 


the curves connecting > and ; obtained by Townsend. We can- 


not obtain any information about the relative values of C, and C, 
from measurements of the ionisation current, and it does not seem 
possible to devise a simple experiment by means of which they 
could be directly measured. 

The velocity with which an electron is ejected from its parent 
atom has little influence on the ionisation by collision. It is 
practically only the first collision of the electron with a neutral 
molecule that would get the benefit of the initial velocity of the 
former, if the motion of the electron is in the same direction as 
that given to it by the electric field. On the average the electron 
undergoes hundreds of collisions before it reaches one of the 
electrodes, and the first collision is therefore comparatively of no 
importance. 

But the ionisation by collision should be considerably affected 
by the direction of motion of the ejected electrons relative to that 
given to them by the electric field. Consider the two cases when 
the electric field acts in the same direction as the ejected electron 
is moving, and when it acts in the opposite direction. In the 
latter case the electron must be reduced to rest before a velocity 
can be given to it sufficiently large to produce ionisation by 
collision. The chance of a cluster being formed is therefore much 
greater in the latter case than in the former. On a cluster being 
formed it must run a distance « depending on its period of life 
and velocity before it becomes an elementary ion again, after 
which it can be used by the electric field for the production of 
new ions by collision. Thus in the latter case the collision current 
is smaller than in the former. The effect may roughly be said to 
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correspond to a distance A between the electrodes in the former 
case and a distance A — in the latter. Since the collision current 
increases rapidly with the distance of separation of the electrodes 
and the value of a, the asymmetry in the leaks obtained by re- 
versing the field should also increase with these quantities. The 
writer* has carried out experiments on the ionisation by the a 
particle involving the foregoing principles, and found that the 
ejected electron has a component of motion in the same direction 
as the ionising @ particle. 

The case when the initial ionisation is produced on the surface 
of one of the electrodes in the field producing ionisation by collision 
requires consideration here. Since all the ions start out as simple 
ions, their condition near the surface is different from that some 
distance away, where there is equilibrium between the clusters 
formed and the simple ions. It is evident that when the breadth 
of the region in which equilibrium is produced between the 
clusters and simple ions is comparable with the distance between 
the electrodes, the value of the collision coefficient a should 
depend on the distance between the electrodes and the pressure 
of the gas. But a would obviously not vary abruptly with the 
distance of separation of the electrodes because the region in 
question has no well defined boundary. 

Now Campbell+ has carried out an investigation on the de- 
pendence of a on the distance of separation between the electrodes. 
The object of the investigation was to distinguish between two 
hypotheses as to the changes an ion undergoes when producing 
ionisation by collision, viz. (1) that the simple ion never forms a - 
cluster during collision, (2) that sometimes a cluster is formed 
which is not broken up subsequently. If the latter hypothesis is 
true a should depend on the distance between the electrodes and 
the pressure of the gas. Campbell concludes from his experiments 
that no clusters are formed. Interpreting these experiments from 
the point of view that the ion cluster is unstable, it follows that 
either the region in which equilibrium between the simple ions 
and clusters is produced is small, or, that the period of life of a 
cluster is small in comparison with that of a simple ion in an 
electric field of intensity sufficiently large to produce ionisation 
by collision. It will be easily seen that in the latter case the 
effect of the region under discussion is negligible for all distances 
of separation of the electrodes. The latter explanation is probably 
the correct one. 

It was found impossible to obtain any definite information 
about the period of life of an elementary positive ion or cluster. 


* Proc. Roy. Soc. A, vol. uxxx. p. 195, 1909, and Phil. Mag. p. 198, July, 
1912. 
+ Phil. Mag. p. 400, March, 1912. 
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This was principally due to the fact that the values of fe required, 


where 8 denotes the coefficient of collision for the positive ions, 
could not be obtained from Townsend’s curves for small values of 


—. There is good reason to believe, however, from other experi- 


ments, that the period of life of a positive cluster is greater than 
that of a negative. The behaviour of the positive and negative 
rays in a discharge tube, which has been studied in great detail 
by Sir J. J. Thomson, Wien, and others, is evidence in support of 
this. Obviously we should obtain evidence of those clusters only 
whose period of life is greater than the time it takes them to 
travel the length of the tube under the electric field. The number 
of different clusters obtained would in that case depend on the 
pressure of the gas in the tube, its dimensions, etc., and this has 
been found in practice. Now as a rule the number of different 
negative clusters obtained is much smaller than the number of 
positive clusters, and may be explained by a difference in the 
period of the clusters. It will be of interest, however, to give the 
formula here by means of which the period of life of a positive 
cluster could be calculated. The production of dark and luminous 
spaces in a discharge tube under certain conditions must be in 
part regulated by the fact that the proportion of free ions to 
clusters increases as the ions pass into a stronger field. The 
principles involved will be brought out in deducing the formula 
in question. 

Let K denote the number of positive ions drawn through 
the gauze when at a positive potential, of which #, are in the 
elementary state and k, clusters, so that K =k,+k,. The ionisation 
current c, produced by the free ions /, is given by 


k,(8—a) e#-* | 
(= Base Sen tea nteruccaoeaee (3), 


where 8 denotes the number of new ions made by a positive 
ion per cm. of its path. This formula is obtained by inter- 
changing a and 8 in the formula used by Townsend in his 
investigations of the ionisation by collision of positive ions. 
The ionisation produced indirectly by the clusters will be 
considered separately. Let S denote the number of clusters that 
cross per second a plane parallel to the plate at a distance «, and 
6 the fraction of the number of clusters becoming elementary 
ions per second. We then have ee S6, which on integrating 


dt 


hes 
becomes S=/,e-t. Now t=——, where V, denotes the average 


VE 
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_ velocity of the positive clusters per second. Hence 


§(d—2) 


S=khe ” =k, Az*, 


15 8 
where A=e 2 and z=e”., 

Let r’ be the number of negative ions produced by collision 
in the layer of gas between the plate and the parallel plane at 
a distance #, and r the number of positive ions produced by 
collision between this plane and the gauze. Let c denote the 
current crossing the plane which gives rise to further ionisation 
by collision. Then we have 


c=k,1—Az)+r+r’. 


The number of ions dr generated between the two planes at 
distances « and x+dz is given by the equation 


—dr=[{k,(1—Az*)+7r} B+r'a] da. 
Substituting for r’ from the foregoing equation we obtain 
dr z 
da + (B~ 0) 7 =(B— @) ha (Az —1)—ca. 
Multiplying by e®®” and integrating we obtain 


8 
k, (8 — a) An a 


7 tena ae 


re@—2)% — — fp,e(B—a)e 4 +(...(4), 


where C is an arbitrary constant. The value of the constant is 
obtained from the condition that »=0 when #=1, which gives 


) 
— feath,(B—a)\ , ., ke(B-a) Anes 


Vy, 2 oom 
From one of the foregoing equations we have c=k,(1—A)+7, 
when «=0, where 7 is given by equation (4), and hence on sub- 
stituting for 7 we obtain 
B —ae8b—) \ = kn; 2 . 
o ( Ee SENe eave (e@- 94 See ew (5). 


The total current c; is given by 
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where c, and ¢ are given by equations (3) and (5) respectively. 
If 8 is small in comparison with (8 —a)V,, V. is small in com- 
2 


parison with (@—a)J, and in that case 


2 (18 Caer 
C= (aga th) Bose 


The effect of the unstability of the positive ion is then as if an 
ac , ok. 
additional number of free ions equal to ——~*—— were drawn 
; V.(8 —a) 


through the gauze. 


In conclusion I wish to express my thanks to Prof. Sir J. J. 
Thomson for his kind interest in these experiments. It should 
also be mentioned that the expense of the principal apparatus 
was defrayed out of a grant of the Royal Society. 


28008 Mr Whiddington, Note on the Absorption 


Note on the Absorption of Cathode Rays by Metallic Sheets. 
By R. Wuippineron, M.A., St John’s College. 


[Received 17 June 1913.] 


Last year I published an account of some experiments on the 
transmission of cathode rays through matter which showed that 
the law determining the diminution of velocity of cathode rays 
through matter was expressed by the relation 

= Ue S Oho B, 
where 
U= the velocity of a beam of rays incident on a sheet of 
material of thickness 2, . 
Vz= the greatest velocity in the emergent stream, 
and a =a constant depending on the material of the sheet. 


We are thus led to the conception of range of cathode rays, for 
if in the above expression we put v;=0 the value of »,*/a is the 
thickness of the material through which cathode rays of velocity », 
can just penetrate. 

In fact by using this expression we can easily determine the 
constant a by measuring the velocity v,, below which no appreci- 
able effect is produced on the emergent side of a sheet of thickness 
d; we can then substitute these values in d = 2,'/a. 

I have recently been making experiments with cathode rays of 
definite speeds in order to determine the number of the rays 
absorbed during their passage through metals. 

Lenard, Seitz and others many years ago showed that using 
rays of a more or less definite speed, the law of absorption was 
exponential, being expressed by the relation 

Lele, 
where 
I,=the cathode ray current incident on a metal sheet of 
thickness «, 
I =the corresponding emergent cathode ray current, 
and ) =the absorption coefficient, a constant for any definite 
speed but varying inversely as the fourth power of 
the speed of the incident cathode rays. 


I have found that in all cases I have examined this law is by 
no means universally applicable. In fact the experiments were 
originally commenced with the idea. of discovering whether 2X 
suffered an abrupt change when the material of the absorbing 
screen commenced to give out its fluorescent Réntgen radiation. 

So far, experiments have been carried out using screens of Au, 


Ag, Cu and Al. 


Sie 
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The curves given below are typical of two classes of absorption 


which have been obtained. In these curves 1/v‘ is plotted along 
the y-axis while the corresponding values of log J,/Z are plotted 


1/v4 


Log I,/I 


along the a-axis. The simpler type is the lower one obtained 
with Ag and Au sheets. It is clear that »X « 1/v* for velocities 
greater than that corresponding to the point A. The value of v 
for the point A is given quite as accurately as could be expected 
by the expression quoted above—d = v‘/a, and thus depends on 
the thickness of the sheet. 

The other type has been obtained with Cu and AI sheets 
and shows in addition to the bend at A already explained another 
bend at Bb. The velocity corresponding to this point is in the 
ease of Cu 6.2 x 10° cm./sec., which is the velocity above which 
the fluorescent X-radiation of Cu is excited. This is the effect 
which was being looked for, but it is not possible just at present 
to ascribe it definitely to the excitation of the fluorescent radia- 
tion since Al also shows a similar effect though not at the same 
velocity. 

The experiments are being continued. 
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The Influence of Molecular Constitution and Temperature on 
Magnetic Susceptibility. Preliminary Note. By A. EK. OXtey, B.A., 
Coutts Trotter Student, Trinity College. 


[Received 14 July 1913.] 


IN a former paper* the author has shown how the observed 
departure from the Curie-Langevin laws for paramagnetism and 
diamagnetism may be explained in terms of the variation of the 
nature of the molecular complexes with temperature. Later, the 
influence of such aggregations has been considered by Holmf, 
Weiss and Piccard}, and Piccard§; the last physicist showing that 
the variation of the diamagnetic susceptibility of water with the 
temperature can be interpreted as due to the presence of two 
types of complexes. The idea of the coexistence of different types 
of complexes has been satisfactorily applied to the case of aqueous 
solutions of salts of the ferromagnetic elements||. 

The present note is intended to contain a preliminary account 
of further experiments which have been made to test the effect 
of the presence of molecular complexes on the susceptibility. 

We shall denote the specific diamagnetic susceptibility by y. 

About thirty organic and several inorganic substances have 
been investigated and the variation of . with temperature has 
been examined over a range of 250°C. It is found in general { 
that there is a decrease in the value of y during the passage from 
the liquid to the crystalline state. This decrease amounts to 

5°/, (approx.) of the value of x. If the substance supercools or 
passes into a gel as the temperature is lowered there is no dis- 
continuity, but when crystallisation does take place the value of y 
is found to decrease. If the substance is now heated y remains 
constant until the normal melting point is reached but increases 
during fusion. A hysteresis loop due to temperature is thus 
obtained, similar to those which Hopkinson** discovered for the 
passage from the paramagnetic (non-crystalline) to the ferro- 
magnetic (crystalline) state in the case of nickel-steels, the critical 
temperature in the latter case corresponding to the temperature 
of fusion of the diamagnetic crystals in the former case. 

With regard to the continuity found when the substance passes 


* Proc. Camb. Phil. Soc., Vol. xvi. p. 486, Mareh 1912. 

+ Ark. for Mat., Stockholm, 8, 16, 1912. 

+ Comptes Rendus, t. 155, p. 1234. 

§ Comptes Rendus, t. 155, p. 1497. 

|| Proc. Camb. Phil. Soc., Vol. xv1t. p. 65, Dec. 1912. 

{| There are a few exceptional cases which are not discussed here. 

** Proc. Roy. Soc., Vol. xuvit. p. 1, 1890; or Hwing’s Magnetic Induction in 
Iron and other metals (third edition), p. 184 et seq. 
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from a liquid into a gel, it is interesting to note that Chaudier* 
has found that the specific magnetic rotation of such substances is 
continuous, a discontinuity appearing only when crystallisation 
sets in. 

On the theory of diamagnetism developed by Langevin+, the 
above experiments indicate that in the quasi-chemical compounds 
formed during aggregation or crystallisation the internal structure 
of the molecule or atom is modified. This result was assumed in 
the investigation cited at the beginning of this note. 

Tt will be observed that an exact interpretation of the experi- 
mental facts must necessarily be highly speculative in view of the 
present state of the electron theory of valency and further dis- 
cussion of the quantitative results is reserved until an early 
date. 


* Comptes Rendus, t. 156, p. 1529, May 1913. 

+ A complementary theory to that of Langevin has recently appeared dealing 
with the diamagnetism of conducting substances and the part played by free 
electrons (Schrodinger, Sitz. d. k. Akad. Wien cxxt. p. 1305, 1912). In dealing 
with organic liquids the diamagnetic effect due to this source is negligibly small. 


Note. In the paper “The Variation of Magnetic Susceptibility 
with Temperature. Part 11. On Aqueous Solutions” (Proc. Camb. 
Phul. Soc., Vol. Xvit. p. 65) the temperature coefficient given at 
the foot of p. 75 is due to du Bois. The recent work of Weiss 
and Piccard, referred to above, shows that this value is incorrect, 
but the change does not affect the numbers given in the tables 
on pp. 76—77. 

It should be mentioned that the susceptibilities given by 
Jaeger and Meyer are referred to unit volume of the solutions. 
As, however, the density of a solution is very approximately a 
linear function of the absolute temperature, over the interval 
considered, the specific susceptibility is correctly expressed by the 
formula 


Al 


where A, B and Care independent of the absolute temperature (9). 
The conclusions reached concerning the presence of molecular 
complexes are of course unmodified. 
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A Chinese Flea-trap. By Epwarp Hinp.is, B.A., Ph.D., 


Magdalene College, Cambridge, Assistant to the Quick Professor 


of Biology. (Communicated by Professor Nuttall.) 
[Read 5 May 1913.] 
THROUGH the kindness of Mr Stanley A. Stericker, we have 


recently been able to obtain from Cheng-tu, the capital of Sze-— 


Chwan, an example of a flea-trap much used by the natives in 
that part of China. 5 
The apparatus consists of two pieces of bamboo one inside the 


other. The outer bamboo is about one foot in length and 24 
inches in diameter and is fenestrated in the manner shown in the 
accompanying photograph. The inner bamboo is of equal length — 
but only about one inch in diameter, and is kept in position — 


within the former by means of a short wooden plug. 


The manner in which the apparatus is employed is as follows: 
The two pieces of bamboo are first separated by removing the 
wooden plug. The inner bamboo is then coated with bird-lime, 


or some similar sticky substance, and put back in position within ~ 


the fenestrated bamboo. The function of the latter is protective and 
prevents the sticky surface from coming in contact with any large 
objects. The whole trap can now be placed under bed-clothes, or 
amongst rugs, etc., and any fleas that get on to the surface of the 
inner bamboo at once stick to the bird-lime and are thus caught. 

The apparatus is said to be a very efficient flea-trap, and 
considering its simplicity it might be used with advantage during 
plague epidemics, in order to catch any fleas, rat or human, within 
houses. Considering the importance of the rat-flea in the trans- 
mission of plague, the employment of a simple and effective flea- 
trap, such as the one described above, would probably have a 
decided effect on the spread of the disease. 
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Some methods, of measuring the surface tension of soap films. 
By G. F. C. SEARLE, Sce.D., F.R.S., University Lecturer in Ex- 
perimental Physics, Fellow of Peterhouse. 


[Read 19 May 1913.] 


§1. Introduction. The following paper gives an account of 
some methods employed in my practical class at the Cavendish 
Laboratory for the measurement of the surface tension of films 
of soap solution. The first two methods have been in use for 
some years, but I have included them in the hope of making the 
paper more useful to teachers of practical physics. The apparatus 
may, without loss of efficiency, be constructed in quite “ home- 
made” style or may be built up of elements at hand in most 
laboratories. 

§2. Torsion balance method. Let ABCD (Fig. 1) be a 


rectangular frame of thin wire, the plane of the rectangle being 


Fig. 1. 


vertical. If the frame be dipped into a soap solution and then 
be partially withdrawn so that the horizontal surface of the 
solution cuts the frame at # and F, a film will be formed, which 
will fill the area ABFE. This film will pull the frame down- 
wards. If the surface tension of the solution be 7 dynes per 
centimetre*, and if the distance HF be J cm., the downward pull 
on the frame will be 277 dynes, each surface of the film con- 
tributing 7 dynes. If the downward pull be measured, the 
surface tension can be calculated. 

The pull of the soap film is easily measured by aid of the 
simple torsion balance shown in Fig. 2. This was designed, in 
conjunction with Mr W. G. Pye, as a more convenient form of the 
apparatus originally constructed at the Cavendish Laboratory. 

The base of the balance is a tripod stand furnished with a 
levelling screw. From this stand rises an adjustable vertical rod 
carrying a stiff metal frame, across which is stretched a torsion 
wire; the tension of the wire can be adjusted by a screw. A 
double-ended beam is attached to the wire. The long arm of the 


* So many elastic constants are expressed in dynes per square centimetre that 
students easily fall into the error of stating surface tensions in dynes per square cm. 
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beam is pointed to serve as an index, and this index point moves — 


near a vertical scale divided to millimetres; the short arm carries 
an adjustable counterpoise for bringing the beam to a horizontal 
position. To secure a good connexion of the beam to the wire, 
the beam is clamped to a short metal tube of small bore, through 
which the wire passes and to which the wire is soldered. Near 


. 


the pointed end of the beam is cut a small notch which serves — 


to define the position of a hook supporting a small scale pan. 
Below the scale pan hangs the wire frame on which the film is 
formed. This frame is about 8 cm. in length and 3 cm. in 
height. 


The sensitivity of the torsion balance depends upon the 
thickness of the torsion wire; by using wires of different thick- 
nesses a wide range of sensitivity can be covered. For the 
present purpose, it 1s convenient to use a torsion wire such that 
one deci-gramme in the scale pan gives a deflexion of about 
2°5 mm. 

A beaker containing soap solution is placed so that the frame 
dips into it, and the height of the torsion balance is adjusted 
so that when the frame is drawn down by the film, the film is 
one or two centimetres in height. There must be enough solution 
in the beaker to allow the frame to be completely immersed when 
necessary. 

The measurements are taken as follows:—The end of the 
balance arm is depressed so as to completely immerse the frame. 
The arm is then allowed to rise, when a film will be formed 
between the emergent part of the frame and the horizontal 
surface of the solution. The solution will then begin to drain 
off from the wire and from the film itself, and the scale reading 
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of the index will change slightly, but will reach a steady value 
after a short time. This steady reading is recorded. The 
reading must be taken to 7, mm.; a short focus lens mounted 
in a clip may be used to give the necessary optical assistance. 

The film is now broken. The arm then rises but is brought 
back to the position it had when the film was intact by placing 
a mass m grms. in the pan. If necessary, the exact mass required 
is obtained by interpolation from two scale readings, the mass 
being a little too large for one reading and a little too small for 
_the other. A “rider” may also be used to obtain the fine adjust- 
ment. If its mass be r grms., its effect is equivalent to that of 
a mass rv/d grms. placed in the pan, where d and «@ are the 
distances from the axis of the torsion wire to the notch and to the 
point of suspension of the rider. Since the volume of the wire 
below the surface of the solution is the same as when the film was 
intact, the upward thrust of the solution is the same in each case. 

Hence the weight, mg dynes, of the mass in the pan is equal 
to the force which was exerted by the film. Thus 


mg =2T1 


yr. MG 
or i 31 
where J is the distance HF (Fig. 1) between the points where 
the frame cuts the solution. This is the shortest distance 
between the two circles in which the plane of the surface inter- 
sects the two wires. 

After each pair of readings, the height of the torsion balance 
may be slightly changed or a small mass may be placed in the pan. 
In this way a number of independent readings may be obtained. 

§ 3. Practical example. The following results were obtained 
in an experiment : 


Width of frame=/=8'00cm. Temperature about 19°C, 


GIPIDESS [EW GIN, .504ononc00vebon0b00 (1), 


Readings with film broken 
Reading with 
film unbroken | 
0:40 grm.in pan 0°45 grm. in pan m 
3°83 cm. 3°79 cm. 3°85 cm, 0°433 grm. 
3°87 3°82 3°88 0-442 
3°90 3°85 3°90 0-450 
4:00 3°94 4-00 0°450 


Mean value of m=0°444 grm. 


mg  0'444x 981 


H NE) 
Ta De hae MORES ‘00 


= 27°22 dynes per cm. 
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§ 4. Measurement of surface tension of water. The balance 
may also be used to determine the surface tension of water or any 
other transparent liquid which will not form persistent films. A 
thin rectangular glass plate is held in a clip (Fig. 2) by which it 
is suspended below the scale pan instead of the wire frame. The 
glass slips sold for microscope slides are convenient. The plate is 
adjusted in the clip so that when it is suspended its lower edge 
is horizontal. The plate is then allowed to dip into the liquid in 
the beaker and the balance is raised until the lower edge of the 
plate is exactly in the plane of the undisturbed part of the 
surface of the liquid; the fine adjustment is conveniently made 
by the levelling screw in the base of the instrument. 

The scale reading of the index is now taken and then the 
beaker of liquid is removed and the plate is dried by filter paper. 
A mass m grms. is then placed in the pan to bring the index to 
the first reading. If the length of the plate be / cm. and its 
thickness be a cm., the surface tension is given by 


ul 


= See) dynes per cm. 

If water be used, the surface should be free from grease. 
The beaker should be cleaned with potash and should be filled 
with water freshly drawn from the tap. The glass plate should 
also be cleaned with potash. 

§ 5. Thread method. The surface tension of a soap solution 
can be found by this method with very simple apparatus. 


Fig. 3. 


On the horizontal arm QR (Fig. 3) of a bent glass rod PQA 
slide two rings A, B. Through eyes on these rings passes a 
thread whose ends are attached to a glass rod CD. By adjusting 
the rings and the thread the distances AB and CD can be made 
equal, and the rod can be made to hang with its axis horizontal. 


7 


% 
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The points C, D should be at equal distances from the corre- 
sponding ends of the rod. The distance AC should be three or 
four times the distance AB. 

If the whole system be dipped into soap solution and be then 
withdrawn, a film will be formed in the area bounded by the 
thread and the lower rod CD. The threads now take the form 
of curves AGC, BHD, which we shall show are arcs of circles. 
The vertical part PQ of the bent rod is fixed in a clamp and 
a horizontal scale S is placetl close to the film, and the distance 
GH between the two points on the threads where the tangents 
are vertical is determined from the scale readings of the threads. 
The film is then broken and the scale readings of the threads are 
again taken. Before the first pair of readings is taken as much 
as possible of the solution adhering to the lower rod is removed 
by filter paper so that the supported mass may be as nearly as 
possible the rod alone. 

Let the distance HF (Fig. 3) between the threads when they 
are vertical be a cm. and let the distance between the points 
GH when the threads are curved be b cm. Let the mass of 
the rod CD be m grms.; the mass of the threads and of the film 
may be neglected. Let the tension of the threads at Gand H 
be WV dynes. 

The weight of the part of the system below a_ horizontal 
plane through G, H is mg dynes, and this is supported by the 
stresses which act across the plane. The force due to the film 
is 27'b dynes, since there are two faces to the film, and the force 
due to the threads is 2 dynes. Hence the equation of equi- 
librium is 

DUD SSDI or TilOpn tte race eee feta. ae Ores (2). 

Since the weight of the threads is negligible and since the 
furce exerted by the film on any element of either thread is at 
right angles to the element, it follows that the tension of each 
thread is constant and equal to NV dynes. 


Fig. 4, 


Let P,Q (Fig. 4) be two neighbouring points on the thread, 
and let the radius of curvature of the arc PQ be pcm. Let PQ 
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subtend an angle @ radians at O, the centre of curvature. 
Theay2Q = pe! 

The force which the other parts of the thread exert upon PQ 
is 2M sin 30 in the direction KO, where K is the point of inter- 
section of the tangents at P and Q. The force which the film 
exerts on PQ is in the direction OK and lies between 27’. PQ and 
27. PQ cos 46 dynes or between 27'p0 and 276 cos 40 dynes. 
Since the force due to the thread balances the force due to the 
film, we see that N lies between 


and 2T/p | ay aintg cos 40. 


When 0 approaches zero, the limit of ite 40 is unity and the 
limit of cos 4@ is also unity. Hence 


N = 27 p dynes .....01.. 32 eeeeeeee (3). 


Since N and 7 are constant, p also is constant and hence the 
threads form arcs of circles. 


The equilibrium equation now becomes 
T(2b + 4p) = mg, 


Ty 29 
P sin 40 


i ee) 
or = 3B ap 1 ee (4). 


Fig. 5, 


The radius of curvature, p, of the threads must now be found. 
Let e=4(a—D) so that (Figs. 4,5) c= HF= HG. Then, from 
Fig. 5, if BD=hem. 

x (2p — x) = th, 


(ew 
or p= on + 9 a:'n \0°6iie'vo.ra)-eior wl Gvetenevenete teeter ckenetenerere (3): 
The vertical distance h= BD is measured while the film is wn- 
broken. 
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If the length of each thread, i.e. the length of the are BHD, 
be J cm., the radius can be found from an approximate formula (6). 
Thus, if the angle BHO be ¢, we have 6=1/2p. But 


sige Pokus \=$ ( ales 
Patiresa7-)73 U-tt) 
i? B 
=a eo 
H aces 
ence p=3-( Se) 
The first approximation is p =/?/8x. Using this in the term 
[?/48p, we have as a second approximation 


xv 
—=1-—cos =1-(1 
: $ 


P 4 a Pa 
p-g(l-gpet-)=g-gt SIOIOIGIOOIOIG (6). 


§6. Practical example. The following is a record of an 
experiment by Mr C. E. Simmons. 


Distance HF between threads when vertical=a=1-68 cm. 
Minimum distance G'H between threads when curved =6=1°'15 cm. 
Vertical distance BD when film is unbroken =h=7°40 cm. 

Mass of glass rod CD=m=2'94 germs. 


Hence x= (a—b)=0°265 cm., 
Be 2 AO $0265 
P82 ' 2 8x0265' 2 
Hence, by (4), 
T= mg 294x981 
~ 2b+4p 2°304+103°84 


and = 25°83 +0:13 = 25°96 em. 


= 27°17 dynes per cm. 


87. Viscosity potentiometer method. In this method the 
pressure excess due to a spherical soap film is measured by 
aid of what may be called a “viscosity potentiometer.” Air from 
a gasometer G (Fig. 6) flows through two tubes AB, CD, which 
are connected in series by the joint BC. The pressure at A 


Fig. 6. 
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is measured by the water manometer* M; the end D is open 
to the atmosphere. From the junction BC a side-tube leads to a — 
cup 4K with a horizontal circular rim on which a soap film is 
placed. On account of the viscosity of the air there is a fall 
of pressure along each tube, and for a given flow of air, the fall of 
pressure in either tube is proportional to the length of the tube 
and inversely proportional to the fourth power of its internal 
radius, provided the flow is so slow that stream-line motion exists. 
The excess of the pressure in the cup K above that of the 
atmosphere causes the film to rise above the rim and to take 
the form of part of a spherical surface. From the distance, A cm., 
of the highest point of the film above the plane of the rim and 
from the radius, c cm., of the rim, the radius, r cm., of the spherical 
surface is deduced. Thus 


h(Qr—h)=e, 


or olen) Ee (7). 


If the length of the tube DC be J, cm. and its internal radius 
be a, cm. and if /,, a, be corresponding quantities for the tube BA, 
and if the pressure excess at B be p and that at A be P, then 

IES) Geb 

P . I Gis. 

It is sometimes convenient to form the portion AB of two or more 
tubes arranged in series. If the lengths and internal radii of these 


be d,, U3, ... cm. and dy, a3, ... cm., then the equation becomes 
JP Sif? Ore ih ik 
= + wos | shiebee Re Ree eee 9). 
Pp L, ie att ) ( ) 


From (8) or (9) the value of p can be found in terms of P, 
the pressure excess observed on the gauge WM. It is convenient 
to arrange the tubes so that P is about 100 times p. The internal 
radii of the tubes may be found by means of mercury. [or 
accurate work they should be calibrated ft. 

The gasometer G is formed of a cylindrical can 16 cm. in 
diameter and 24cm. in height. Part of its weight is supported by 
a string which passes over a ball-bearing pulley and carries a pan 
and weights. By varying these weights the pressure excess in the 
gasometer can be adjusted. The can is furnished with two gas- 
fitter’s taps, as shown in Fig. 6. The lower rim of the can is 


* A petroleum manometer would be better, but the density of the liquid must 
be found. 

+ For details of this process see G. F. C. Searle, ‘‘A simple method of deter- 
mining the viscosity of air.” Proc. Camb. Phil. Soc. Vol. xvit. p. 183. 
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loaded with lead so that the equilibrium of the can is stable when 
the can is floating with its axis vertical. The can is connected to | 
the joint A by a piece of flexible rubber tube. Since the walls 
of the can are thin, the pressure excess diminishes only very 
slowly as the can sinks in the cistern. 

The internal radii of the flow tubes must not be too small. 
With tubes of small radii, the flow of air is so small that a con- 
siderable time elapses before the film reaches its full height, and 
there is a danger that the film may break before the necessary 
measurements can be made. 

§8. The bubble holder. The details of the arrangement on 
which the spherical film is formed and measured are shown in 
Fig. 7. A brass plate 8°5 cm. in diameter is carried by a tripod ; 


Fig. 7. 


a central opening in the plate communicates with the tube 
by which a connexion is made with the joint BC (Fig. 6). <A ring 
rests upon this plate. The upper end is bevelled so that the edge 
lies on the internal cylindrical surface of the ring; this secures a 
definite base for the spherical film. The joint between the ring 
and the plate is made air tight by a little of the soap solution. 
This arrangement allows a number of rings of different radii to be 
used and also allows the rimg to be adjusted on the table. A rod 
rising from the tripod base is furnished with an adjustable hori- 
zontal arm which carries a clamp holding a glass scale divided to 
millimetres. It is convenient to adjust the scale and ring so that, 
when the spherical film is formed, the lower edge of the scale may 
be as near as possible to the highest point of the film. There is 
then little error due to parallax if the film and scale are observed 
through a telescope set at the same level as the top of the film, 
and the film and the scale will be both in focus at the same time. 
A flame placed behind the film at a sufficient distance to avoid the 
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effects of its heat or a mirror reflecting the sky light may be used 
to give the necessary illumination. 

A film is formed on the ring by dipping a card into the 
solution and then drawing the edge of the card gently across the 
ring. 

“The position of the zero of the glass scale relative to the plane 
of the rim of the ring is found by placing a steel scale of known 
width on the rim with the plane of the scale vertical and then 
observing the reading of the upper edge of the steel scale on the 
glass scale. 

An alternative method of determining the height of the vertex 
of the film is to use a horizontal microscope provided with a 
vertical motion and to “set” the microscope first on the vertex of 
the film and then on the rim of the ring. The difference of the 
readings gives the distance h. 

§ 9. Practical details. A series of measurements may be 
taken by varying the counterpoise of the gasometer, and deter- 
mining 7, the radius of the spherical film, in each case. The value 
of Mr, where M cm. is the difference of level of the manometer 
columns, is found in each case, and the mean of these values is 
used in calculating the surface tension. Since the pressure in the 
gasometer slowly diminishes, the observations for r and M should 
be made as nearly as possible simultaneously. 

$10. Geometry of the curved film. When a curved film is 
formed on a circular rim by a pressure excess p, it must be a. 
surface of revolution about the axis of the rim, and this surface is 
easily shown to be part of a sphere. Let VMO (Fig. 8) be the axis 


Fig. 8. 


of the rim of the cup, and V the vertex of the film; the figure is 
a section of the system by a plane through VO. Let NMN’ be | 
the trace of a plane normal to VO and let MN=2 and VM = Yo 
Let the tangent at WV to the section of the film make the angle 0 — 
with MN. Since the force on the film WV’ due to the surface 
tension on both sides of the film acting along the circle WN’, in 
which the plane VMN’ cuts the film, is equal to the force due to 
the pressure excess p acting on the circular area of radius MN, 
the equation of equilibrium is 


2T sin 0. 270= >. 1a?, 
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AUR: ; 
or 2 = — sin 0@=rsin 0, 


where r=4T7/p. But dy/da=tan @ and hence 


| ypc ae SiG! an 
| dx  /] —sin?6 V7? = a? 
‘Thus aN ee Ke 


| Choosing the constant K so that y=0 when «= 0, we have 


| (y—r)y+aear’, 


) which represents a circle of radius 7 whose centre lies on VO at 
a distance r below V. Hence the film is spherical and has the 
radius 


r =A4T/p. 


The surface tension is therefore given by 


As the height, h, of the vertex of the film above the rim of the 
ring is gradually increased from zero to c, the radius of the rim, 
the radius of the bubble diminishes from infinity until it reaches c, 
If h be further increased, the radius of the bubble increases also. 
Hence the pressure excess must not be greater than 477/c, for if 
the height of the bubble be made to exceed c, the pressure which 
it can resist will become smaller as the radius of the bubble 
increases, with the result that, if the bubble be supplied with air, 
it will swell until it bursts. 

§11. Practical example. The following results were obtained 
by G. F. C. Searle and A. J. Berry. Two tubes in series were used 
between the manometer and the bubble stand. 


Length of tube (1) or CD (Fig. 6)=/,=28°8 cm. 
Mass of mercury filling tube =81°8 grms. 
Density of mercury =13'55 grms. per C¢.c. 
81:8 
i = ght OOS ues Saray 2 
Square of radius of tube=a, = 15 x oxO88 0:06672 cm. 
Hence a,=0'2583 cm. and a,4=4°452 x 10-2 cm.! 


4 4-452 x 10-8 
Th pre: 
ne T, 28:8 


=1°546x 10-4 cm.? 

By similar measurements on tubes (2) and (3) 
2=120:0cm., a=01437cm., a '=4:259 x 10~4cm.* 
l,z=158:2cem., a3=0:1479cm., a3'=4°784 x 10-4cm.4 
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=3°307 x 10°cm.=3 


Hence 4 9.817 x 105cm.~3 and i 
Ap a3 


Thus, by (9), § 7, 


es 4 | 
Bele (c+ )=1946 x 10-4 x 6-124 x 105= 94°66, : 
Pp Gi Ad a3 | 


1 
H LI Sa ea Pee 
ence P= 9566 1:045 x 10-2, 
Radius of rim of cup=c=2:90 cm. | 
A | 
The table gives the results of a number of observations for various values ; 
of the difference of level, Mcm., of the water in the limbs of the manometer. — 


| 
Difference of Height of vertex | Radius of bubble 
water levels above rim pie: I? Mr 
h 2h 
2°53 cm. 1:28 cm. 3°92 cm. 9:93 em.2 
2-64 1°42 3°67 9-69 
2°93 1°73 3°30 9:66 
2°99 1°68 3°34 9:99 
311 1:90 3°16 9°84 
3°29 2°38 2-96 9°73 
3°36 Oeil 2-97 10:00 
Mean 9°83 


Since P=981.pM, where p=density of water=1 germ. cm.~*, we have — 
Pr=981Mr, and hence, by (10), 


T=Yrp=} 5. Pr=} x 1045 x 10-2 x 983 x 981 =25'19 dynes per em. 


It will be seen that there are some inconsistencies among the readings. 
They probably arise from small variations of pressure in the gasometer due 
to friction in the pulley or capillary action: these variations do not instanta- 
neously cause changes of the radius of the bubble. Better results would 
probably be obtained with a larger gasometer. Greater steadiness would be 
obtained by inserting a piece of small bore tube between the gasometer and 
the manometer joint and then using a higher pressure in the gasometer. 
A petroleum gauge would be better than a water gauge as it is less affected — 
by capillarity. 


$12. Buoyancy method. This method was suggested by the 
plan adopted by Mr J. D. Fry in the calibration of his new Micro-— 
manometer*; it depends upon the difference of density between 
cold and hot air at the same pressure. The method is instructive 
as it helps the student to realise the presence of the atmosphere. 
A metal tube ABCD (Fig. 9) has the two portions AB, CD, each a 


* J.D. Fry, Philosophical Magazine, April 1913, p. 494. 
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few centimetres long, at right angles to the main portion BC which 
is about one metre in length. This bent tube is surrounded by a 
second tube FG which is used as a steam jacket for heating the 
tube ABCD. The parts AB and CD are horizontal and the tube 
may, if desired, be rotated about CD as a horizontal axis. The 
Inner tube passes out of the steam jacket through rubber bungs. 
The opening D is connected by a horizontal rubber tube DE to 
the cup K on which a bubble is to be formed; the same bubble 
holder is used as in § 8. The end A remains open. 


Fig. 9. 


Let the temperature of the atmosphere in the neighbourhood 
of the apparatus be ¢,° K., i.e. t,° on the Kelvin or “absolute” scale, 
and let the temperature of the air in the tube BC bet, K. Let 
P dynes cm.~ be the atmospheric pressure at the level of A. Let 
the density of air at the normal pressure p, and the normal tem- 
perature t, K. be p, grm. cm.~, let the density of air in the atmo- 
sphere at the level of A be p, and that at Bin the tube be p,. Let 
the height of D above A be zcm. Then, if we neglect the very 
small changes of density due to differences of level, the pressure 
in the atmosphere at the level of CD is P—gp,z*, while the 
pressure in the tube at Cis P—gp,z. If the horizontal tube DE 
is long enough to ensure that the bubble stand XK is not heated by 
the steam jacket, the fall of pressure between # and the bubble 
is, to all the accuracy required, the same as that which occurs in 


* The exact expression is Pe 9:2/P, 
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so 
. 


the atmosphere over the same difference of level*. Hence p, the 


pressure excess within the bubble, is given by 


= 92 (pi — pa) Gy Me\C.97). 2 eee (11), 
where On = pol ty ee potty 
Dol Pole 


When the radius, r cm., of the bubble is known, the surface 
tension is calculated by 


IN igo 


§ 13. Practical details. The bends at B and C are formed as 
in Fig. 10. The end of the long tube is soldered into a block of 


ee 


IZ 272777 


Fig. 10. 


brass. The short side tube screws into the block, the joint being — 
made tight by a flange and a leather washer. The short tube 
must be stout to withstand the strain involved in making the 
joint tight. The side tubes are screwed into the blocks after the 
long tube has been placed within the steam jacket. Steam is 
supplied by a small boiler; the waste steam from the jacket should 
be led away clear of the apparatus. The inner tube is about 08 
cm. in diameter and the tube forming the steam jacket about 
2°5cm. in diameter. 

The bubble is formed on the ring and the observations for its 
radius are made just as in §§7,8. The temperature of the sur- 
rounding air is observed by a thermometer. 

If, as suggested by Mr J. D. Fry, the tube ABCD be turned 
about CD as a horizontal axis, the difference of level, z, between 
D and A can be changed and with it the pressure excess in the 
bubble. The difference of level can be calculated in terms of the 
distance AD if the tube be mounted so that the inclination of the 
plane ACD to the vertical can be measured. 


* It will be easily seen that no care need be taken to ensure that those parts of 
the tube DE which are at atmospheric temperature shall be in the same horizontal 
plane as CD. 
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To ensure that the interior of the tube ABCD is dry, air may 
be blown through it while it is heated. 

§ 14. Practical example. The following results were obtained 
by G. F. C. Searle and A. J. Berry. 


Barometric height = 76°53 cm. 

Temperature of atmosphere =¢, = 273 +19°5 = 292°5° K. 

_ ‘Temperature of steam =¢,=273 + 100°2=373'2° K. 

Height of heated column =z=95'8 cm. 

Density of air at normal pressure and temperature = pp = 1°293 x 1073 grm. 
yem:? 

i ©Elence 


76°53 273 


| — 1-295 = Sigi sree ae ~3 -3 
| pi=1:293 x 107° x 6-00 * 2925 1:2152 x 10-3 grm. cm. ~ 3, 
| 76°53 278 
3 (OF) -3 : -3 
p2= 1:293 x 10— X 76-00 * 373-2 0:9524 x 107-3 grm. cm. 


The pressure excess in the bubble is thus 
p= (p1— p2) = 981 x 95'8 x 0-2628 x 10° = 24°70 dyne cm.~? 

The following values of the distance, /, of the vertex of the bubble from 

_the plane of the rim were found with five different films: 
1:09, 1:10, 1:09, 1:10, 1:10 cm. 

Mean value of h=1:096 cm. 

Radius of rim=c=2°90 cm. 

Mean radius of bubble =7 = (c?+ h?)/2h=4°385 cm. 

Hence we find for the surface tension 

T=irp= { x 4385 x 24°70 =27:07 dynes per cm. 


§ 15. Comparison of results. The results given by the various 
methods are as follows: 


Methoa Surface tension 


Morsion balance ..+......... 27°22 dyne cm.— 
INGUPSENG eke Bee an eeen eee | 27-17 
Viscosity potentiometer...) 25:19 
SMOYANCY Wi iacanist ngs tnte ais 36 27:07 
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The following were elected Fellows of the Society : 


J. W. Lesley, B.A., Emmanuel College. 
J. T. Saunders, B.A., Christ’s College. 
P. G. M. Dunlop, M.A., Gonville and Caius College. 


The following were elected Associates : 


J. K. Robertson, Emmanuel College. 
S. N. Maitra, Emmanuel College. 


The following Communications were made : 


: 1. Anthropometric data collected by Professor Stanley Gardiner 
~ in the Maldive Islands. By Dr Duckworru. 


2. Preliminary Note on the Inheritance of Self-Sterility in Reseda 
odorata. By R. H. Compton, M.A., Gonville and Caius College. 


3. The effects of hypertonic solutions upon the eggs of Hchinus. 
By J. Gray, B.A., King’s College. (Communicated by Mr F. A. Potts.) 


4, Pulsus alternans. By G. R. Mines, M.A., Sidney Sussex 
College. 


November 11th, 1912. 


In the Cavendish Laboratory. 
Proressor Sir J. J. THOMSON, IN THE CHAIR. 


The following were elected Associates : 


G. B. Hony, Christ’s College. 
H. Smith, Emmanuel College. 


The following Communications were made: 


1. On the theory of the motion of charged ions through gases. 
By Professor Sir J. J. THomson. 


2. On a simple method of determining the viscosity of air. By 
Dr G. F. C. Searue, Peterhouse. 


3. Note on the Réntgen Radiation from Cathode particles tra- 
versing a gas. By R. Wurppineroy, M.A., St John’s College. 


4. The Diffraction of Short Electromagnetic Waves by a Crystal. 
By W. L. Braae, B.A., Trinity College. (Communicated by Professor 
Sir J. J. Thomson.) 


5. Experiments on the Electrical Discharge in Helium and Neon. 
By H. E. Watson. (Communicated by Professor Sir J. J. Thomson.) 
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6. Some Diophantine Impossibilities. By H. C. PockLineTon, 
M.A., St John’s College. 


7. A class of Integral Functions defined by Taylor’s Series. By — 
G. N. Watson, M.A. , Trinity College. 


8. Notes on the Volatilization of certain Binary Alloys in high : 
Vacua. By A. J. Brrry, B.A., Downing College. 


November 25th, 1912. 


Tn the Sedgwick Museum. 
Dr SHIPLEY, PRESIDENT, IN THE CHAIR. 
The following was elected a Fellow of the Society : 
H. Hartridge, M.A., King’s College. 
The following were elected Associates : 


R. Rossi, Trinity College. 
S. P. Heath, Fitzwilliam Hall. 


The following Communications were made : 
1. The Gravels of East Anglia. By Professor Hueues. 
2. The Meres of Breckland. By Dr Marr. 


3. On the earlier Mesozoic Floras of New Zealand. By Dr 
NEWELL ARBER. 


4, The mineral composition of some Cambridgeshire sands and 
gravels. By R. H. Rasratzi, M.A., Christ’s College. 


5. A remarkable instance of complete rock-disintegration by 
weathering. By F. H. Haren. 


January A 133. 
In the Cavendish Laboratory. 
Mr J. E: Purvis, In tHE CHArR. 


The following were elected Fellows of the Society : 


J. Gray, B.A., King’s College. 
T. C. Nicholas, B.A., Trinity College. 


The following was elected an Associate : 
S. Manlik, Non-Coll. 
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The following Communications were made: 


1. Further applications of positive rays to the aes of chemical 
problems. By Professor Sir J. J. THomson. 


2. The Atomic Constants and the Property of Substances. By 
R. D. Kieeman, B.A., Emmanuel College. 

3. Some Diophantine Impossibilities. By H. C. Pockiineron, 
M.A., St John’s College. 

4, Magnetic Susceptibility with Temperature. Part II, On 
aqueous Solutions. By A. E. Oxtry, B.A., Trinity College. 


5. The Properties of Liquids connected with the surface Tension. 
By R. D. Kizeman, B.A., Emmanuel College. 


February 10th, 1913. 


In the Comparative Anatomy Lecture Room. 


Dr SHIPLEY, PRESIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 
W. H. Mills, M.A., Jesus College. 
R. Thirkill, M.A., Clare College. 
The following was elected an Associate : 
F. Balfour Browne, M.A. (Oxon.). 


The following Communications were made: 
1. Note on the respiratory movements of Vorpedo ocellata. By 
G. R. Mrivzs, M.A., Sidney Sussex College. 


2. The swarming of Odontosyllis. By F. A. Ports, M.A., Trinity 
Hall. 

3. Observations on Polyporus squamosus. By 8. R. Pricz, M.A., 
Clare College. 


4. Note on the Composition of some Pleistocene Sands near 
Newmarket. By R. H. Rasraut, M.A., Christ’s College. 


February 24th, 1913. 
In the University Chemical Laboratory. 
ProFessor Pops, VICE-PRESIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 


John Christie, B.A., Trinity College. 
G. J. Hill, M.A., Peterhouse. 
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The following Communications were made: 


1. The ten Stereoisomeric Tetrahydroquinaldinomethylenecam- 
phors. By Professor Pope and Mr J. Reap. 


2. The chemical and bacterial condition of the Cam above and 
below the sewage effluent outfall. By J. E. Purvis, M.A., St John’s 
College and A. E. Rayner, M.A., Gonville and Caius College. 


3. Some experiments on the slow combustion of Coal Dust. By — 
F. E. E. Lampniovuenu, M.A., Trinity College and Miss A. M. Hitt. 


4. The Oxidation of Ferrous Salts. By F. R. Ennos, BA., 
St John’s College. (Communicated by Mr C. T. Heycock.) 


5. On the optically active semicarbazone and _ benzoylphenyl- 
hydrazone of cyclo-hexanone-4-carboxylic acid. By W. H. Mutts, 
M.A., Jesus College and Miss A. M. Barn. 


6. Experiments illustrating “ Flare Spots” in Photography. By 
Dr G. F. C. Stare, Peterhouse. 


7. Note on the effect of heating Paraformaldehyde with a trace of 
sulphuric acid. By P. G. M. Dunuop, M.A., Gonville and Caius College. 


April 28th, 1913. 


In the Botanical Laboratory. 


Dr SHIPLEY, PRESIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 
R. H. Peters, B.A., Gonville and Caius College. 
C. M. Sleeman, M.A., Queens’ College. 

The following were elected Associates : 


C. G. L. Wolffe, M.D. (McGill University). . 
J. Burtt-Davy, Non-Coll. 


The following Communications were made : 


1. \Notes on additions to the Flora of Cambridgeshire. By A. H. 
Evans, M.A., Clare College. 


2. On some new and rare Jurassic plants from Yorkshire. By 
H. Hamsuaw Tuomas, M.A., Downing College. 


3. Some Varieties of Plants new to the British Isles. By C. E. 
Moss, B.A., Emmanuel College. 
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4. Observations on Hirneola auricula-judae Berk (Jew’s ear). 
By the Rey. M. J. Lx Goo, B.A., Fitzwilliam Hall. (Communicated 
by Mr F. T. Brooks.) 


5. (1) On the greatest value of a determinant whose con- 
stituents are limited. 


(2) Expressions for the remainders when 6, 6’, sin k0, cos k@ 
are expanded in ascending powers of 0. 


By Professor A. C. Dixon. 


May 5th, 1913. 


In the New Medical Schools. 


Proressor NUTTALL, IN THE CHAIR. 


The following was elected a Fellow of the Society : 


N. P. McCleland, M.A., Pembroke College. 


The following Communications were made : 
1. Observations on Ticks: 
(a) Parthenogenesis, 
(6) Variation due to nutrition. 
By Professor NUTTALL. 
9. Exhibition of a Chinese flea-trap. By E. Hinpus, B.A,, 
Magdalene College. (Communicated by Professor Nuttall.) 
3. Exhibition of living Termites. By Professor A. D. ms. 


4. he Division of Holosticha scutellum. By K. R. Lewy, B.A., 
Trinity College. (Communicated by Professor Nuttall.) 


5. Sarcosporidia in an African Mouse Bird. By H. B. Fanruay, 
B.A., Christ’s College. 


6. Note on the food of freshwater Fish. By J. T. SAUNDERs, 
B.A., Christ’s College. 
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May 19th, 1913. 


In the Cavendish Laboratory. 
Dr SHIPLEY, PRESIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 


P. G. Bailey, M.A., Clare College. 

Franklin Kidd, B.A., St John’s College. 
Rev. M. J. Le Goc, B.A., Fitzwilliam Hall. 
G. Udny Yule, M.A, St John’s College. 


The following were elected Associates : 


F. EK. Baxandall. 
C. P. Butler. 
W. Moss. 

W. E. Rolston. 


The following Communications were made: 
1. (1) Some methods of measuring the surface tension of soap 
films. 
(2) A simple method of testing lens systems for aberration. 
By Dr G. F. C. Szarue, Peterhouse. 


2. On the Unstable Nature of the Ion in a Gas. By R. D. 
Kireman, B.A., Emmanuel College. 


3. A Dust Electrical Machine. By W. A. Dovucetas Rupes, 
M.A., St John’s College. 


j 
: ; 


4. A mechanical vacuum tube regulator. By R. WurppiIneTon, — 


M.A., St John’s College. 


5. The hydrodynamical theory of lubrication with special reference — 


to air as a lubricant. By W. J. Harrison, M.A., Clare College. 
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A possible connexion between abnormal sea-limited transmission 
and sterility. By L. Doncaster, Sc.D., King’s College. 


[Read 17 November 1913.] 


In a recent paper* I suggested that the rare tortoiseshell 
male cat might be produced by the failure of the normal sex- 
limited transmission of the yellow factor from the male parent. 
When a yellow (orange) male cat is mated with a black female, 
the normal result is that all the female offspring are tortoiseshells, 
all the males black, showing that the yellow factor is sex-limited 
in its transmission by the male, and goes only into gametes which 
will give rise to females. Some cases, however, are recorded 
of tortoiseshell males being produced from yellow sires, and I sug- 
gested that these arise by the occasional failure of the sex-limited 
transmission, with the result that the yellow factor is transmitted 
to a male. Such a male, receiving yellow from the male parent 
and black from the female, would be a tortoiseshell. If the black 
factor is also sex-limited in the male, as suggested by Little, 
then a tortoiseshell male could also arise, by failure of the sex- 
limited transmission, from a biack. male by yellow or tortoiseshell 
female, some cases of which have been recorded. It therefore 
seems probable that the rare tortoiseshell male is produced only 
by the abnormal transmission from the sire to a male child of 
a character which normally goes into female producing gametes, 
and that the tortoiseshell male contains two positive factors (those 
for both yellow and black), instead of either one or the other as in 
normal male cats. 


* «On Sex-limited Inheritance in Cats.” Journ, of Genetics, mt, 1913, p. 11. 
+ C. C. Little, Science, May 17, 1912. 
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In the paper referred to, I mentioned that I had in my 
possession a tortoiseshell tom, which I was mating with black 
females in the hope of testing this hypothesis. The experiment 
has now been in progress for about nine months; the tom has 
mated, apparently successfully, with each of four females several 
times, but none of them have become pregnant. (The females 
have had respectively two, three, five and five periods of ‘heat’ 
during the time, and at each period there have been one or more 
apparently normal copulations.) 

It seems fairly clear, therefore, since three of the four females 
have previously borne kittens to other sires, that the tom-cat 
is sterile. This is confirmed by facts pointed out to me by Dr 
F. H. A. Marshall. On examining one of the females about four 
weeks after the last pairing, he found that the mammae were 
swollen and on pressure exuded a small amount of milk. This 
continued for about two weeks, after which the exudation became 
less and finally disappeared. Now it is known that there may be 
correlation between the development of corpora lutea and mam- 
mary hypertrophy, and Marshall and Hammond have found that 
in rabbits from which the uterus has been excised so that preg- 


nancy is impossible, slight lactation may supervene after ovulation, — 


* 
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owing, apparently, to the presence of corpora lutea in the ovary, — 


and that a period of ‘heat’ does not recur until this lactation has 
ceased. Further, Longley* has shown that in the cat ovulation 
only occurs after copulation. If, then, the slight lactation ob- 
served was caused, as in the rabbit, by the presence of corpora 
lutea consequent on ovulation, the copulation must have been 
sufficiently normal to cause ovulation, which does not take place 
in its absence. That ovulation occurred is also suggested by the 
rather widely separated periods of heat. Cats in the breeding 
season usually come on heat every three weeks or oftener; my 
females, after pairing with the tortoiseshell tom, did not come on 


again as a rule for at least five weeks, and usually not for six — 


weeks or even more. When all these facts are taken together, 
there seems to be little doubt that the tom is sterile, although he 
1S monmiely formed and has the sexual instincts strongly developed. 

If this were an isolated case, it might be of no importance, but 
there are hardly any records of offspring of tortoiseshell males, and 
the few that exist are perhaps not wholly above suspicion. I 
believe that two such cats at least are well known never to have 
become parents, and I know of another case in addition in which a 
tortoiseshell tom was paired but no pregnancy followed. It seems, 
therefore, that the abnormal constitution of a tortoiseshell tom 
with regard to its inherited characters may be connected with 


* W. H. Longley, ‘‘ Maturation of the Ege and Ovnlations in the Domestic Cat.” 
Amer. Journ. Anat. x11. 1911, p. 139. 
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sterility. If the sterility is due, directly or indirectly, to the 
failure of sex-limited transmission on the part of one of the 
parents, we should expect other cases in which there is an ex- 
ception to the normal sex-limited transmission to be sterile also, 
and this summer I have bred two specimens of this kind in 
tye moth Abraxas grossulariata. Usually the grossulariata 
female transmits the gross. character only to her sons, so that 
when mated with a lacticolor male (from which the gross. charac- 
ter is absent), the male offspring are gross., the females Jlact. 
I have had very rare exceptions to this rule in preceding years, 
but none in which I could entirely exclude the possibility that the 
gross. females were really wild females of which the larvae had 
accidentally been introduced with the food. This year, however, I 
have in one family from the mating gross. 2 x lact. f in addition to 
21 gross. males and 14 lact. females, two gross. females to which it 
is impossible to ascribe such an accidental origin, for they have 
peculiar features which I have only seen in the strain to which the 
family belongs. I intend to discuss elsewhere the importance of 
these exceptions to the normal sex-Jimited transmission; in 
the present connexion, the interesting fact about them is that 
hoth were quite sterile. Both paired normally; one laid no 
eggs at all, and the other laid only 22 eggs, none of which 
developed. Sterility in the strain to which they belong is not 
very tare; this summer, in 56 matings with females more or less 
related to the moths in question, 10 were nearly or quite sterile. 
On the other hand, I paired four normal sisters of the exceptional 
females, and all were fully fertile. It is thus not very probable 
that both the exceptional females should have been sterile, if the 
sterility had no connexion with their abnormal hereditary consti- 
tution. The facts, therefore, seem to indicate that when, by 
failure of sex-limited transmission, an individual arises which 
receives from one parent a character which it normally receives 
only from the other, that individual tends to be sterile. 
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The Flight of the House-Fly. By EDWARD HINDLE, B.A, 
Ph.D., F.LS., Assistant to the Quick Professor of Biology; 
Magdalene College, Cambridge. ‘(Communicated by Mr C. Wap- 
BURTON.) ‘a 


eerie lata 


[Read 17 November 1913.] x 


During the months of July, August, and September, 1912, 
the author, in conjunction with Mr Gordon Merriman, conducted — 
an extensive series of experiments on the range of flight of Musca 
domestica Linn. in the town of Cambridge. In the course of these 
experiments upwards of 25,000 flies have been liberated under 
very variable meteorological conditions, and about 50 observation 
stations were employed for their recovery. 

In all cases the flies used in these experiments were either 
caught in balloon traps, or directly netted. The method of 
obtaining flies by breeding was abandoned, as it was almost — 
impossible to obtain them without numerous other species of © 
insects, and also on account of the possible objections to such — 
artificially bred flies. ' 

Prior to being liberated the flies were kept for about 24 hours 
in cages made of mosquito netting and were fed on brown sugar, 
the moisture being supplied by a layer of damp sand. By this — 
method it was assured that they had emerged sufficiently long to 
allow the full development of their chitinous exoskeleton, neces- 
sary in order to obtain the full power of flight. 

Preparatory to colouration the insects were transferred from 
the mosquito cages into wire balloon traps. This transference 
was effected as follows:—the loose sides of the mosquito netting 
cage were tied round the bottom of the balloon trap. The latter 
was then held towards the light and the whole of the cage sur- — 
rounded with a black cloth. Owing to the strong attraction of 
the light, the flies all made their way towards the brightly 
illuminated balloon trap and in passing through the small hole 
in the bottom of the latter, it was possible to make accurate 
counts of them, as not more than two or three were able to pass 
through at the same time. When about 1500 flies had entered 
the balloon trap it was closed, then removed and another trap 
fixed in its place. 

The most satisfactory mode of marking the flies was found to 
be that devised by Nuttall (vide Jepson, 1909), and this was 
employed in all these experiments. The balloon trap containing 
the flies was placed in a large brown paper bag containing a 
handful of powdered blackboard chalk, coloured either red, orange, 
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or yellow. The mouth of the bag was then closed and the whole 
gently shaken for one or two minutes so that the flies were 
thoroughly dusted with the chalk. The balloon was then removed 
and, after being taken to the point selected for the liberation, the 
trap was opened and the flies allowed to escape in any direction 
they chose. The flies were recovered either by means of fly-papers 
or balloon traps, several of which were exposed at the various 
observation stations. The traps and papers were examined for 
several successive days after the liberation of a number of coloured 
flies and as the observation stations extended as far as 900 yards 
from the point of liberation, comprising both thick and sparsely 
populated localities, an accurate idea of the distribution of the 
insects was thus obtained. Full meteorological data were kindly 
supplied by Messrs W. E. Pain, Chemists, Sidney St., Cambridge. 
Their observations were made in the centre of the town and in 
consequence indicate the exact conditions under which the flies 
travelled. 


Discussion of results. 


Unfortunately, nearly all our experiments in Cambridge were 
seriously handicapped by the great difficulty of obtaining flies 
in sufficient numbers and also by the adverse meteorological 
conditions. Throughout August the weather was so bad that 
from the nineteenth to the thirty-first not a single fly could be 
liberated. During the early part of September nearly all the 
flies became infected with Hmpusa muscae and this, in conjunction 
with the cold weather, brought the investigation to a sudden end. 
In the earlier experiments we should have preferred to have 
liberated at least double the number of flies, but owing to the 
difficulty of procuring them this was impossible. Our results, 
therefore, are not as complete as we could have wished. 

Nevertheless, owing chiefly to the large number of stations 
employed for the recovery of the flies and their being situated 
in every direction, we have been able to obtain certain definite 
results. 

The most striking feature is the marked effect of the direction 
of the wind on the courses taken by the flies. After a careful 
examination of all our results, we can state definitely that flies 
tend to travel either directly against or across the wind. ‘The 
only exceptions to this rule were those recovered within a radius 
of about 150 yards from the point of liberation and probably 
these flies were individuals that had merely selected the first 
shelter they could find. These results differ considerably from 
those of Copeman, Howlett and Merriman (1911) who found that 
the flies tended to go with the wind, but it should be remembered 
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that not only were these investigators working in open country, 
but also their traps were set solely at stations to the west of the 


REET Sitar 


point of liberation and consequently none of the flies that flew 


in other directions would be recovered. 

Owing to lack of opportunities we have been unable to decide 
why, in our experiments, the flies tended to travel either against 
or across the wind. ‘Two explanations seem possible. 

(1) The flies may direct their flight against any current of 
air to which they are subjected. This property is known as 
positive anemotropism and is possessed by some other insects 


and birds. In view, however, of the contrary results obtained by — 


Copeman, Howlett and Merriman (1911) we cannot come to 
definite conclusions on this point and further experiments are 
required to determine if other factors than wind-direction may 
influence the direction of flight. 

(2) The flies may travel against the wind, being attracted 
by any odours it may convey from a source of food. A-poimt in 
favour of this supposition is the nature of the stations at which 
flies were recovered after they had travelled any distance. These 
comprised a butcher’s shop, public-houses and a restaurant, all 
of which places gave off odours that are notoriously attractive 
to flies. 

The maximum distance travelled by any of the flies we 
liberated in Cambridge was 770 yards, which is considerably less 


than that covered by those liberated in the open country at - 


Postwick, in one case as much as 1700 yards. This difference 
may be attributed to the absence of shelter in the case of the 
Postwick flies, whereas in Cambridge food and shelter were 
always plentiful. On the whole, we do not think it likely that 
as a rule flies travel more than a guarter of a mile in thickly 
housed areas. Throughout our experiments the only individual 
that exceeded this distance had travelled 770 yards, of which 
a large part was across open fen land. 

The chief factors influencing the dispersal of the flies are 
temperature, weather, and the time of day when the insects are 
liberated. The effect of temperature is very marked, as when 
it is low the flies become torpid and seek the first available 


shelter. Fine weather is also a necessary condition for long — 
flights, as rain at once drives the flies under cover. The ideal 


conditions for an experiment are two or three days of fine warm 
weather, during which the flies can make their flight, succeeded 
by a wet or showery day, when they are driven indoors and thus 
can be recorded at the various stations. 
With regard to the altitude of the point of liberation, flies set 
free from the roof* tended to disperse slightly better than those 
* A height of about 45 feet. . 
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liberated from the ground, but the differences were not very 
considerable. 

When the insects are liberated late in the afternoon, they do 
not disperse in as great numbers as those liberated during the 
morning, but the distances travelled are not inferior. 

With regard to the vertical flight of the house-fly, although 
we have found no means of estimating the maximum, nevertheless, 
when liberating them from the ground, we have frequently ob- 
served the flies at once mount almost vertically upwards to a 
known height of 45 feet. 


Summary. 


(1) House-flies tend to travel either against or across the 
wind. This direction may be directly determined by the action 
of the wind, or indirectly, owing to the flies being attracted by 
any odours it may convey from a source of food. 

(2) The chief conditions favouring the dispersal of flies are 
fine weather and a warm temperature; the nature of the locality 
is another considerable factor, as in towns flies do not travel as 
far as in open country, this being probably due to the food and 
shelter afforded by the houses. 

(3) Under experimental conditions, the height at which the 
flies are liberated and also the time of day influence the dispersal 
of the insects. When set free in the afternoon they do not 
scatter so well as when liberated in the morning. 

(4) From our experiments the usual maximum flight in thickly 
housed localities seems to be about a quarter of a mile, but in one 
case a single fly was recovered at a distance of 770 yards. It 
should be noted, however, that part of this distance was across 
open fen land. 
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On the Dependence of the Relative Ionisation in various Gases 
by B Rays on their Velocity, and its bearing on the Lonisation 
produced by y Rays. By R. D. Kieeman, B.A. (Emmanuel 
College), D.Sc. (Adelaide). 


[ Recewwed 9 October 1913. Read 27 October 1913.] 


Experiments which give some information whether the rela- 
tive ionisation by 8 rays in various gases depends on the velocity 
of the rays have already been carried out by the writer*, who 
measured the relative ionisation per c.c. im various gases by the 
8 rays of actinium and uranium. The experiments shewed, as 
far as they went, that the relative ionisation is independent of the 
velocity of the @ ray. Further experiments have been carried 
out on the subject and will be described in this paper. 

A beam of heterogeneous 8 rays was obtained by placing a 
quantity of radium in a thin glass tube at one of the entrances of 
a bore-hole ‘6 cm. in diameter passing through a lead block about 
7cm. square. The beam was allowed to pass into an ionisation 
chamber through an aluminium window ‘16 mm. thick. By 
means of a magnetic field whose lines of force were at right 
angles to the bore-hole the beam of rays could be “hardened” to 
any desired extent by bending some of the slower moving rays 
aside. It was found that the gradual hardening of the beam 
produced no change in the relative ionisation of the gases in the 
chamber. The ionisation of methyl iodide and hydrogen in 
terms of that of air was measured, since these gases differ from 
one another considerably in the nature of the atoms they contain. 
As an illustration of the experiments it may be quoted that in 
one case the ionisation of hydrogen in terms of that of air was 
‘156 without the magnetic field, and ‘151 with the magnetic field. 
The magnetic field in this particular case reduced the ionisation 
in air and hydrogen to about one-half of their previous values. 
In the experiments the ionisation of air and hydrogen were first 
measured without a magnetic field on, putting air into the 
chamber first. Then leaving the hydrogen in the chamber and 
putting the magnetic field on, the ionisation of the hydrogen was 
measured under the new conditions. Lastly, putting air into the 
chamber its ionisation was measured with the same magnetic 
field on. This process was repeated several times and the mean 
of the results taken. When methyl iodide mixed with a certain 
proportion of air was used instead of hydrogen in the experiment 


* Proc. Roy. Society, A, vol. 83, p. 530 (1910). 
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mentioned, the relative ionisations with and without a magnetic 
field were 1:97 and 1:82 respectively. The relation between 
velocity and number of @ rays from radium has been investigated 
by Pashen. It appears from this that in my experimental 
arrangement the velocities of the rays producing the larger 
part of the ionisation probably lay between 1x10" and 2°9 x10" cm. 
per second. It would of course have been preferable to obtain a 
spectrum of the rays by means of a magnetic field and investigate 
the ionisation produced at different parts. If any indications 
had been obtained that the relative ionisation depended on the 
velocity of the 8 ray, an elaborate experiment of this nature 
would have been carried out. It would, however, be desirable 
to carry out experiments on relative ionisation, using the cathode 
rays obtained in a discharge tube, or those ejected from metals 
by X rays, since their velocity is considerably less than the 
majority of the 8 rays from radium. An experiment of this nature 
is about to be carried out. 

The results obtained have an important bearing on the nature 
of the process of the ionisation in a chamber through which 
y rays are allowed to pass. The ionisation in question may be 
divided into three parts, viz. (a) the ionisation produced by the 
B rays given off the walls of the vessel, (b) that by the secondary 
y rays given off the walls, (c) and that due to the absorption of 
the primary y rays by the gas in the vessel. The ionisation 
under (c) consists of the ions produced by the @ rays ejected 
from the molecules of the gas under the action of the primary 
y rays, and possibly of direct ionisation by the primary y rays. 
According to some experiments of C. T. R. Wilson*, however, the 
latter part is comparatively small or non-existent. We shall return 
to this point later. It can be easily shewn that the ionisation 
under (¢) is small in comparison with that under (a). For the total 
absorption of the primary y rays by the gas is very much smaller 
than that by the walls of the vessel. And since the mass of 
matter per cm.” of the walls of the vessel through which a @ ray 
is able to penetrate corresponds to probably hundreds of times 
that of the mass per cm.? of the gas in the vessel, a much larger 
number of 8 rays will cross the chamber which originate in its 
walls than which originate in the gas. The ionisation under 
(b) has usually not been deemed worthy of much or any con- 
sideration by physicists who have worked with y rays. It is 
by no means of negligible magnitude. This will appear from 
a study of the ionisation by y rays of different hardness. The 
writer+ has shewn, using secondary y rays, that the ionisation in 
methy! iodide relative to that in air greatly increases with the 


* Proc. Roy. Society, A, vol. 87, p. 277 (1912). 
+ Ibid., vol. 82, p. 358 (1909). 
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softness of the rays. This fact has recently been used by | 


Rutherford to isolate the different groups of the y rays of radium. ~ 
Now according to the results obtained in this paper this could | 


not be due to differences in the nature of the @ radiation given off — 


the walls of the vessel. It could not have been due to some of the 
soft 8 radiation from the walls being totally absorbed by the gas, 
since the total ionisation depends little on the nature of the gas*. 
Therefore since the ionisation under (c) is small in comparison 
with that under (a), this increase must be due to an increase of — 
the ionisation under (b). 

It appears from the experiments by C. T. R. Wilson mentioned 
that ® rays produce secondary 8 rays of small velocity only, 
ie. S rays. Bragg+ and the writer} have shewn that the velocity 
of the secondary £ rays produced by y rays decreases with the 
absorbability of the latter. It follows from this that if the 6 and 
y rays of radium are allowed to fall upon a plate of material, 
and soft y radiation is produced in it, soft 8 radiation should 
emerge from the surface of the plate due to this soft y radiation. 
The writer§ has shewn the existence of this soft 8 radiation, some 
of which is totally absorbed in about 2 cm. of air at atmospheric 
pressure. The energy of the soft* y radiation producing the 
ionisation under (b) is probably much less than that of the primary 
y rays. But since it is much more absorbable the ionisation it 
produces could easily be greater. It is to be expected then that 
if a narrow beam of vy rays is sent through an ionisation chamber _ 
and the 8 rays curled up by means of a magnetic field, an experi- 
ment the writer|| has carried out, there should still be con- 
siderable ionisation left in the chamber. Bragg has objected to 
this experiment, because it is difficult to curl up all the 6 rays 
to the same extent owing to their cutting the lines of magnetic 
force at different angles. Undoubtedly this objection might be 
raised, but still I think that the diminution with increase of 
magnetic field should have been greater under the particular 
circumstances than that obtained. Bragg and Madsen{ have 
carried out some experiments which they thought incidentally 
shewed that the ionisation produced by secondary y rays in the 
vicinity of material on which primary y rays are allowed to fall is 
small in comparison with that produced by the secondary 8 rays. 
They placed plates of material of different thicknesses in in- 
creasing order of magnitude across a beam of y rays and measured 
the ionisation produced on the side of the plate where the y rays 

* Proc. Roy. Society, A, vol. 84, p. 17 (1910). 
+ Phil. Mag., Dec. 1908. 

+ Proc. Roy. Society, A, vol. 82, p. 128 (1909). 
§ loco. cit. 


|| Proc. Camb. Phil. Society, vol. xv. Pt 11. p. 169 (1909). 
4] Phil. Mag., Dec. 1908, p. 932. 
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emerged. Since they got no further increase in ionisation after 
a thickness of material giving the maximum 8 radiation had 
been reached, they concluded that the secondary y rays produce 
no appreciable ionisation. But it must be taken into account 
that since the energy of the secondary y radiation is_pro- 
bably smaller than that of the @ radiation, the absorbability of 
the secondary y rays must be of the same order of magnitude 
as that of the @ rays to produce an appreciable ionising effect. 
This secondary y radiation would thus reach a maximum for 
a thickness of material certainly not much greater than that 
giving the maximum 8 radiation. An increase in the ionisation 
with the thickness of material cannot therefore be expected, and 
Bragg and Madsen’s conclusions do not therefore definitely 
follow from these experimental results. It should be pointed 
out that the soft secondary yrays, whose coefficient of absorption 
is the same as that of the @ rays, are eliminated in measurements 
of the coefficient of absorption of secondary y rays. For the 
thickness of the wall of the ionisation chamber is usually such as 
to absorb all the @ rays falling upon it and consequently all the 
secondary. y rays of the same absorbability. Measurements by 
various observers have shewn that the secondary y rays as a 
whole are much more absorbable than the primary y rays. Thus if 
carbon is taken as the radiating and lead as the absorbing material 
the writer* has shewn that the coefficient of absorption for the 
secondary y rays is about 10 times the magnitude of that of 
the primary rays. Much softer rays are thus likely to exist 
which are eliminated in the way explained. However, taking all 
the evidence into account, there is no doubt that the ionisation 
produced by the secondary y rays from the walls of the ionisation 
chamber is less than that produced by the 8 rays when a gas 
containing atoms of low atomic weight such as air is in the 
chamber. Probably in that case it is of the order of 20 per cent. 
of the totai ionisation. The percentage probably increases with the 
softness of the primary y rays. When, however, a heavy gas like 
methyl iodide is in the chamber it may be very much greater, 
since the ionisation of heavy gases relative to air increases greatly 
with the softness of the rays; thus the ionisation of methyl iodide 
relative to that of air is about 6 for the primary y rays of radium 
calculated from absorption data, while for X rays it is about 80. 
Braggt has given a formula which expresses the ionisation in 
a chamber through which y rays are allowed to pass in terms of 
other quantities. This formula does not take into account the 
production of secondary y rays in the walls of the vessel. It is 
necessary to add two terms to the formula, one term expressing 


* Phil. Mag., May 1908, p. 652. 
+ Ibid., Sept. 1910, p. 402. 
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the ionisation due to the absorption of the secondary y rays by 
the gas in the chamber, and the other the ionisation produced — 
by the @ rays produced by the secondary y rays in the walls of 
the chamber. . 

When the softness of the primary y radiation is increased, 
that of the secondary radiation from the walls of the chamber 
must be increased also. Thus the behaviour of the relative 
ionisations of the gases in the chamber with a variation of the 


‘ 
ry 


+4 


softness of the primary y rays, is an index of a general nature of — 


the variation of the chance of an atom becoming the source of a 
8 ray under the influence of y pulses with the softness of the 
latter. Some experiments* that I have carried out previously 
have a bearing on this point. It was found that the ionisation of 
a gas relative to that of air increased with the softness of the 
y rays when the molecules contained atoms heavier than those in 
air. But it decreased with the softness of the rays in the case of 
hydrogen. ‘This fits in with the results obtained by Crowthert 
with X rays of different hardness. The results are thus evidence 
of the identical nature of y and X rays. 

It will be of interest here to consider more closely the nature 
of the process of the ionisation by y or X rays. According to the 
experiments of C. T. R. Wilson mentioned the ionisation is 
produced by the 8 rays ejected by the rays. In these experi- 
ments photographs of the ions were obtained by making them 
serve as nucle1 to a fog in a cloud-producing apparatus of 
appropriate construction. Previously, however, Crowther} had 
shewn that the ionisation by X rays is largely direct ionisation. 
The method he used involved the principle that the ionisation 
produced, varies directly as the pressure, while that produced 
by the secondary @ rays varies as the square of the pressure. 
Beatty§ later found that the amount of direct ionisation 
greatly depended on the nature of the gas and hardness of 
the rays. ‘These experiments do not fall into line with those of 
C. T. R. Wilson. But the disagreement is, I think, more ap- 
parent than real. An inspection of the photographs obtained by 
C. T. R. Wilson will shew that a blotch occurs at the beginning of 
each streak which shews the ions produced along the course of a 
B or cathode ray. It may be mentioned that a blotch also occurs 
at the end of each streak, being due to the zig-zag path and 
intense ionisation by the cathode particle before it ceases to 
ionise. In the former case it seems to be most likely due to 
the cathode particle ionising one or more atoms of its parent 


* loco. cit. 

+ Proc. Roy. Society, A, vol. 82, p. 115 (1909). 
+ Ibid., p. 103 (1909). 

§ Ibid., vol. 85, p. 230 (1911). 
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molecule. Besides, the recoil atom may also help to ionise the 
atoms of the molecule and to break it up, and also to ionise other 
molecules like an a particle. Now all the ions that are made from 
the molecules which give rise to the cathode rays appear as 
direct ionisation since it varies proportionally to the pressure. So 
does all the ionisation produced by the recoil atom, since its path 
would be extremely short in comparison with the diameter of 
chamber even at very low pressures. Thus the ionisation that 
varies directly as the pressure may not be of negligible magnitude 
in comparison with the whole ionisation, especially at low pressures. 
Bragg* has used a method to investigate the point under dis- 
cussion which is entirely different from that used by Crowther 
and Beatty. He concludes that all the ionisation is produced by 
the secondary cathode rays ejected by the X rays. His method 
would not shew as direct ionisation that produced from the 
parent molecules of the cathode particles. Thus a discrepancy 
between his and Crowther’s and Beatty’s experiments may be 
expected. 

Some experimenters have investigated the variation of the 
ionisation by y rays of a gas with its pressure over a great 
range of pressures. But this can furnish little if any reliable 
information about the exact nature of the process of ionisation. 
For the ionisation produced by the secondary 8 rays from the 
walls of the vessel, that of the molecules producing the secondary 
® rays, and the ionisation produced by the recoil atom, if any, 
varies directly as the pressure. The experiment does not isolate 
these different ionisations. The remainder of the ionisation varies 
as the square of the pressure. 

But this subdivision of the ionisation holds only if all the 
B rays end their life in the walls of the vessel. Strictly the 
ionisation produced by the secondary 8 rays from the gas which 
do not cross the chamber or are reflected by the walls of the 
vessel and end their life in the gas, varies approximately pro- 
portionally to the pressure over small ranges of pressure. It 
increases strictly somewhat more rapidly than proportionally to 
the pressure. The ionisation by the @ rays from the walls of the 
vessel which end their life in the gas of the vessel is approximately 
constant for small variations of the pressure, but strictly increases 
with the pressure. 

Thus one part of the ionisation produced by the soft y rays 
from the walls of the vessel varies as the square of the pressure of 
the gas, and the other part approximately directly as the pressure. 
The latter part would increase with increase of the softness of 
the rays and the pressure of the gas. That part of the ionisation 


* Phil. Mag., Sept. 1910, p. 406. 
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varies as the square of the pressure does not violate the con-— 
clusions drawn by the writer from the experiments ou soft 
secondary y rays. It was found that the ionisation was pro- 
portional to the pressure over the range of pressures used. Any 
deviation from this at other pressures could not seriously affect 
the results, since the ionisation in a gas was compared with 
approximately the same mass of air and then reduced to standard 
pressure. Thus the scattering and absorption of the @ rays by 
the gas was approximately the same in the two cases. The 
principal reason for doing this at the time was that it rendered 
the ionisations in most cases nearly equal to one another. : 
I have carried out some experiments with the object of 
detecting the ionisation that is probably produced by the recoil 
atom or molecule when a8 ray is ejected. They depended on 
the principle that the ions produced by the recoil atom would 
probably shew initial recombination like those made by the 
a particle. The difficulty is to get rid of the ionisation by @ rays 
from extraneous sources. The experiments were not a. success, 
probably owing to this difficulty not having been overcome to 
a sufficient extent. A shallow cylindrical ionisation chamber was 
used whose walls consisted of tightly stretched tissue-paper over 
a skeleton chamber of thin aluminium wire. A mixed beam of 
8 and y rays from a quantity of radium was passed through 
the chamber. The current was measured for fields of different 
strengths when the beam was largely freed from 6 rays by means . 
of a strong magnetic field, and when it was not so modified. The 
current saturation curves obtained were the same in the two 
cases. It could be shewn from energy considerations that when 
the beam was free from @ rays the ionisation due to the recoil 
atom must have been less than 10°/, of the whole ionisation. From 
the outset, therefore, the experiment had not much chance of 
success. Another method is about to be tried. 


Mr McCleland, Dynamical system illustrating Fluorescence. 321 


Note on w Dynamical system illustrating Fluorescence. By 
'N. P. McCietanp, M.A., Pembroke College. 


[Read 27 October 1913.] 


The characteristic feature of the phenomenon of fluorescence 
is that the period of the exciting force differs from that of the 
‘induced vibration. 
_ No simple dynamical system appears to have been brought 
forward hitherto in which this condition is fulfilled, consequently 
it appears of interest to suggest the following, which is founded on 
a well-known model of the atom. 
_ Suppose a particle (of unit mass) revolves in a circular orbit 
about a fixed point, there being no resistance to the motion, 
‘but that forces exist which damp vibrations along the radius 
vector. 
The law of attraction is here taken to be that of the inverse 
“square but a similar result will be obtained under any law which 
‘permits stable motion. Let this system be acted on by a periodic 
force in its own plane, the disturbance being small. 
Let this force be A sin (pt + €), acting parallel to @=0. 

Let r=r,+p, 9=ot+w be the coordinates at timed. A, p 
and yy are supposed always small. 

We have for the disturbed motion 


: 302 
F+kr—-rP=— = + A sin (pt + €) cos (wt + vr) 
LCi ee 
ae (7°70) =— A sin (pt + €) sin (wt + w). 


‘Substituting 7, + p for r, of +p for @ and keeping in only terms 
of the 1st order we obtain 

p+ kp — pw? — 2rye = 2p? + A sin (pt + €) cos wt ...(i), 
and roy + 2op =— A sin (pit+e)sinot ............ (il). 


The last becomes on integration 


\ 


: A (sin {(p—o)t+¢ sin (p+o)t+e 
: rap + 20p=5 ( ee ) 


: + const....... (ii1). 


Substituting for y in (i) we obtain 


A fsin {(p—o)t+e} sin {(p+o)t+e} 
2 Day = 
Day Gk 0 pt+@ 
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— 2wp + const.) = A sin (pt + €) cos at ...(iv) 


which easily reduces to 


p+ kp + orp =4 c= sin {(p— @)t + €} 


es i = sin [((p+@)t+ | + const. ...(v). 


The disturbance therefore consists of two trains of waves of 
different period, and it can be seen that these do not combine to 
give a single train of the same period as the initial disturbance. 
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On the Presence of certain Lines of Magnesium in Stellar 
Spectra. By F. E. Baxanpatt, A.R.C.Sc. (Communicated by 
Professor Newall.) 


[Read 24 November 1913] 


IN a recent paper* by Professor Fowler on “New Series of 
Lines in the Spark Spectrum of Magnesium,” four magnesium 
spark lies are recorded which do not belong to the series. The 
same four lines had previously been given by Fowler and Paynt, 
but in the later paper more accurate wave-lengths are given. 
The series lines, with the exception of \ 4481°3, are outside the 
region usually obtained in photographs of stellar spectra, but the 
four lines mentioned occur in a part of the spectrum available for 
investigation, their wave-lengths being 4384'86, 4390°80, 4428-20 
and 4434-20. In a “Catalogue of 470 of the Brighter Stars,” pub- 
lished in 1902 by the Solar Physics Committee, a record is given 
of the wave-lengths of lines in the spectra of various stellar types. 
Reference to this shows that weak lines are recorded at or near 
the positions of Fowler's magnesium lines in the spectra of a Cygni 
and a Canis Majoris, as follows: 


Mg. Spark 
Lines (Fowler) a Cygni - a Canis Majoris Remarks 
4384-86 — 4384-7 (1) 


4390°80 4391-0 (2°3) 4391-0 (2) Stellar line probably chiefly due 
to proto-titanium 4391-19. 

4428-20 4428-7(1) 4428-7 (1) 

443420 4434:4(1) 4434-4 (<1) 


Although the magnesium line 4390°80 may enter into the 
composition of the stellar line 4391-0, the latter is probably due 
chiefly to proto-titanium line 4391-19, as all the other prominent 
enhanced lines of titanium are represented in these stellar spectra. 
The remaining lines have not hitherto been assigned to a terrestrial 
source, and it seems highly probable that they are the stellar 
analogues of the magnesium lines. The largest divergence in 
wave-length is 0°5 tenth-metre (line 4428-20), but there is a 
possibility of such an error occurring in the measurement of weak 
stellar lines which, under the magnification used in the measuring 
instrument, are very difficult to see. 

Since the publication of the stellar records referred to, better 
photographs of the spectra have been obtained at South Kensing- 
ton, and new measures of the wave-lengths of the lines have been 
made, The fiducial lines used in the determination of the posi- 
tions are Fe 4383°72, pFe 4417-00 and pTi 4444-0, all of which are 


* Proc. Roy. Soc. vol. uxxxix. p, 133, 1913. + ib, vol, LXxII, pp. 253—257, 
VOL. XVII. PT. IV, 22 
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sharply defined lines in the spectrum of a Canis Majoris. From 
measures on these and the stellar lines under discussion and 
subsequent use of Hartmann’s interpolation formula the resulting 
wave-lengths for the three unknown lines measured are 


4384'7, 4428°4, 4434-3. 
Fowler’s wave-lengths for the three magnesium lines are 
438486, 4428°20, 4434:20. 


The differences here are no greater than one would expect, 
allowing for the weakness of the stellar lines. As a check on the | 
accuracy of the resulting wave-lengths, another line was measured | 
which was known to be identical with the laboratory line | 
Fe 440488. The deduced wave-length for this stellar line was 
4404-9. It is fairly certain, then, that the wave-lengths estimated 
for the weaker unknown stellar lines are correct to within + 0:2 
tenth-metres. | 

Fowler’s line 4384°86 falls in position between two well- 
authenticated lines in the a Canis Majoris spectrum. ‘The first 
is 4383°72, a very strong are and spark line of iron, the other 
4385°55, an enhanced iron line. In the stellar spectrum these 
two lines are nearly equal in intensity, and the line 43847 between 
them makes a close and almost equally spaced triplet with them, 
and there is no doubt about the separation of these lines in the 
best spectra of Sirius photographed at South Kensington with two 
Henry prisms of refracting angle 45° and aperture 6 inches. . 
Reference to the best spectra of this star in the Cambridge series 
of photographs used for radial-velocity work abundantly verifies 
the existence of the extra line. 

The line at wave-length 4384-7 was not recorded in the a Cygni 
spectrum in the publication previously referred to, but an examina- 
tion of the most recent Kensington photographs and the Cambridge 
radial-velocity plates leaves no doubt as to its occurrence in that 
spectrum. ‘Taking the three lines (4383'72, the extra line, and 
4385°55) as they occur in stellar spectra, the interval on the red_ 
side is a little smaller than the other and the wave-length of 
the middle line is 43847. There can be no doubt about the 
wave-lengths of the two outside lines, which are identical with 
the two solar lines 4883°72, 4385°55. If the wave-length recorded 
by Fowler for the magnesium line is correct, and if this line really _ 
does occur in the stellar spectrum, the resulting stellar triplet 
formed by this line and the iron and proto-iron lines should be 
spaced in the proportion of 11-4 to 6°9, the larger space being on 
the more refrangible side. As previously stated, the space on the 
violet side is greater than the other in the stellar spectrum, but 
certainly not in the required proportion, assuming that Fowler's 
wave-length is correct. 
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It would appear then that either (1) the laboratory line 
and the stellar line are not identical, or (2) the wave-length 
of the laboratory line as recorded by Fowler is from 01 to 0:2 
tenth-metre too high. In stating these alternatives, it is as- 
sumed that the two outside stellar lines are identical with the 
solar lines mentioned, but there is practically no doubt on this 

oint. 

The 4481 line of magnesium, which is a very strong line 
in Fowler’s spectrum giving the magnesium lines under discussion, 
is, in stellar spectra, about at its maximum in such stars as 
a Cygni and a Canis Majoris, in which these other magnesium 
lines appear to exist. 
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The proportions of the sexes of Forficula auricularia im the Scilly | 
Islands. By H. H. Brinpuey, M.A., St John’s College. 


[Read 1 7 November 1913] 


In the Proceedings, vol. xvi. pt. 8, 1912, p. 674, I summarised " | 
the results of enumerating the sexes of adult individuals of For- 
ficula auricularia, the Common Earwig, in collections obtained from 


‘St MARY’S 
42-0 


ST MARTIN’S 


x 


Middle Town 
40:9 Porth} Hellick 


ation 


OJ Newfors 45:2 


NORTHWETHEL 
MoryvelS Sr. 
1I9°2 


SAMSON 


«9 
Ke) 
wl 
Sa 
uG 
ra) 

& 
3S 


Oo 


> 
_ The figures indicate the percentage of male Forficula auricularia. : 
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29 localities in the British Isles. It was explained that this study 
of the proportions of the sexes arose incidentally to an enquiry, 
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still in progress, on the dimorphism of the forceps in the adult 
male. In the table showing the proportions of the sexes in collec- 


tions made up to 1911 the extreme instances are both from the 


Scilly Islands; Round Island, the granite islet at the north of the 
group, having 1671 per cent. of males; while the comparatively 
large and cultivated island of Tresco has the highest male per- 
centage so far observed, viz. 59-7. Both collections were made in 
August and September 1911. Mr E. J. Burgess Sopp, F.ES,, 
had kindly sent me the sex proportions of several collections made 
by himself in four English counties, and in his list also Tresco 
has the highest male percentage, 55°5 (collection made in 1903). 
In view of these results I went to the islands in the second 
half of August in 1912, in company with Mr F. A. Potts of Trinity 
Hall and Mr J. T. Saunders of Christ’s College, to whom I am 
indebted for great assistance in the task of collecting as many 
earwigs as possible. Collections were made in all the inhabited 
and in five of the uninhabited islands. We have to thank 
Mr T. Algernon Dorrien-Smith, the Lord Proprietor of the islands, 
for his kind hospitality and for local information which much facili- 
tated the earwig collecting and the other zoological work which 
partly occupied the time of Messrs Potts and Saunders. 

The figures in the sketch map show the percentages of males 
in the collections made in August 1912, and also in one islet, 
Rosevear, which we did not visit, and in one locality, Porth Cressa, 
the S.W. inlet of St Mary’s. These were searched for me by our 
boatman and his family in September 1913. The following table 
includes the collections shown in the sketch map and also all 
others from the Scilly Islands which are in my hands. 

From certain of the islands the total number of adult speci- 


_ mens is too small to accept the proportions of the sexes calculated 
therefrom without reserve. It has been a frequent experience 
that the proportions vary a good deal when the sexes are taken 


haphazard from a collecting bottle in which they have been mixed 
together, at least until a total of 300 has been exceeded. But on 
the islands which yielded a low total it was obvious that prolonged 
search would be necessary to capture say a thousand adults. A 
little experience keeps the searchers to the right spots and we left 
the smaller islands feeling that the hunt had been thorough: our 
boatman and his son were provided with a killing bottle on each 
occasion and they added considerably to our collections. 

If we set aside the islands in which the total number of adults 
collected is less than 300, there is still much evidence that the 
proportions of the sexes vary widely, and in the group as a whole 
the range is as considerable as in collections made in Great Britain 
in localities between Edinburgh in the north and Poole Harbour 
and West Cornwall in the south. 
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Total | Percen- 

Locality Year | 3 and | tage of 

? adults| males 
Round Island = aie 8 oy) | EST) 365p) liek 
55 i na ae woe | L912) | 2016 aa 

Sagan As ae Boo |) Se 172) lee 
St Agnes and Gugh . 2 ae ... | 19125) AGGs vanes 
St Helen’s ... 1912 120_| 3383 

St Mary’s; between Carn Morvel and Sienal 
Station 1912 587 | 39°9 
i between Porth Hele ayn Old 

Town ... ! 1912 368 | 40-0 

s total collections . hy woe | LOT 2S GLO ser, 
Porth Cressa__.... aoe wae | LOTS eS SOM bene 
Northwethel ie be as ae eer | One 206 | 42-7 
St Martin’s ... he ares ate, FP | SAO: 823 | 43:3 
St Mary’s; Newford Strand and Island... | 1912 655 | 45-2 
Rosevear , Be ms .. | 1913.) 2153 | 485 
Tresco; New Grimsby ae sits ... | 1912 | 1650 | 48-5 
3 total collections aoe ae ve] LOT 20209) 488 
Tean ... ats ate | el Oe 196 | 49-5 
Tresco ; Abbey Gardens 5de wal wat | O12 see On aac 
Pt = od a bog || Is) 356 | 50°6 

Bryher as “eh oo | LOL | L052 a iRoOen 
Tresco ; Abbey Gardens cnt ae | LOLS oa Onion 


It was pointed out in my previous paper* that the percentage 
of males from the same locality is found to vary for different 
years in collections made in the same months and large enough 
for reliance to be placed on the percentages. In some cases 
the variation is greater than might be expected, thus in collec- 
tions kindly made for me by Professor R. C. Punnett, at Bobbing, 
Kent, in 1903, 1904 and 1906 there was a range of 9:2. In Tresco 
Abbey Gardens, Scilly Isles, the male percentages for 1903, 1911, 
1912 and 1913 were 555+, 59:7, 50°3 and 50°6. This range is 
considerable, but in all cases the male percentage is above the 
average, and forms a striking contrast with 161 and 17-4 in the 
large collections made for me at Round Island by the light-keepers 
in two successive years. The collection from Porth Cressa in 
St Mary’s in 1913, 42:4, agrees closely with the average 42:0 of 
collections from three other localities in the same island in 1912. 


* Loe. cit. p. 677. 
+ Figure kindly furnished to me by Mr EH. J. Burgess Sopp from a small 
collection (146 adults) made in August, 1908. 
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The variation between different years is not wide enough to 
discredit the conclusion that in some of the Scilly Islands the 
percentage of males is habitually low, while in others it 1s above 
the average. 

The proportions of the sexes observed in Scilly have very little 
relation to the mutual positions of the islands. Comment on these 
points may be deferred till after a brief mention of the situations 
in which earwigs were found most abundantly. The Scilly Islands 
are granite with much blown sand, which is especially abundant 
on Tresco. There is an outcrop of altered Killas on White Island, 
N.W. of St Martin’s, and on the latter a patch of gravel which is 
possibly of Eocene date. Glacial deposits occur on the larger 
islands, especially in the north of the group. There is a little 
alluvium on St Mary’s*. 

The whole group of islands is included in a parallelogram of 
6 x 8 miles, and St Mary’s, the largest island, does not exceed two 
miles in its longest diameter. 

Taking the islands in an order which is roughly N.E. to 8.W., 
the most northerly is 

Round Island.—This dome-like mass of granite is 135 ft. high 
and inaccessible save for the Trinity House steps cut on the 
S. side. Its only inhabitants are the three light-keepers. The 
commonest plants are Armeria maritima, Cochlearia officinalis 
and Mesembryanthemum edule. There is no turf. The light- 
keepers throw their potato peelings and other kitchen refuse down 
the N.E. slope, and this midden swarms with earwigs under 
detached stones and in old meat tins. They are not numerous 
on the rest of the islet and there is no doubt that their food is 
mainly the kitchen refuse. They are mostly large-bodied and the 
high male is exceedingly common. The presence of man has 
apparently favoured their increase in this spot. (In the above and 
other references to the average size of body in adults, the state- 
ment covers both sexes) 

St Helen’s—This island is also dome-like, but is about twice 
the size of Round Island and has much turf with scattered stones, 
while the rocky shore of its 8. side has a fringe of bracken fern 
which grows high and thickly. On this fringe is the ruined 
“Pest House,” an old quarantine hospital. ‘There are now no 
inhabitants. Prolonged search all round the island discovered 
earwigs only in this neighbourhood. They were not numerous 
and nearly all were found under fallen slates and masonry in and 
about the Pest House. These earwigs were mostly fairly large and 
high males were common. 

Tean.—A low irregular island uninhabited save by grazing 
cattle. It is nearly all turf-covered and has a fringe of blown 

* G. Barrow, Geological Survey Memoir; Isles of Scilly, 1906. 
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sand as well as a large beach on its N.E. side. The comparatively 
few earwigs were chiefly under stones on the sand near the margin 


of the turf. High males were not infrequent, but there were more — 


small-bodied individuals than on the two above islands. 

St Martin’s—This inhabited island is well cultivated on its 
S. side, where the slopes are cut up into small root fields and 
pastures by numerous stone walls. There are Hscallonia shelter 
hedges at the S.W. end. The higher land is largely pastures. 


The'second highest point in the islands is on St Martin’s, a spot 
160 ft. high at the E. end, on which the Day Mark is erected. 
Karwigs were numerous in the stone walls. They were on the 


average much smaller than those of the islands already mentioned, 


and “low” males were common. The sand beaches on the N, | 


side were not searched. 

_Northwethel.—This islet resembles Tean in its general features, 
but has less turf and more blown sand. EHarwigs were not very 
numerous and all were found under stones lying on the sand. In 
size they resembled the specimens from Tean. 


Tresco.—This large and inhabited island is chiefly pasture | 
with many root fields, and it possesses a special feature in the — 
sub-tropical gardens of The Abbey at the S. end. Collections — 


were made in two localities. (i) New Grimsby, the western village. 
Earwigs were fairly abundant in the stone walls above the houses 


and very numerous in the scattered pieces of rotting wreck wood — 
lying on the turf near the beach. Breaking open the wood with . 


a chisel turned out swarms of earwigs. The majority had large 
bodies and “high” males were common: “low” males were much 
more frequent than on Round Island. (11) The Abbey Gardens. 
Here earwigs have been caught for me for three successive years 


by Mr James Jenkin, the head gardener. They do not appear to 
be specially numerous, and, compared with those from New — 


Grimsby, half a mile distant, they are small-bodied, with few 
if any “high” males. 


Bryher—This island is inhabited and is chiefly pasture with 


scattered stones and a certain number of root fields. It has one 


turfy hill. Earwigs were caught in numbers under stones in and — 


near the cultivated fields and less abundantly under stones on the 


turf. They were of medium size, and the “high” male was not | 


conspicuous. 


Samson.—An island composed of two turfy hills with scattered — 


stones. Each hill is about 100 ft. high. They are divided from 
each other by an extensive beach of blown sand with numerous 


stones which runs across from shore to shore. There is a wide belt — 


of very thick and high bracken on the E. side, in and near which 
are the ruins of four or five houses, one of which was inhabited till 


1855. Salsola kali is abundant on Samson. The island is now 
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used only for grazing. The earwigs were found under stones on 
the turf on the S.W. part of the island and on the blown sand 
beach in the middle. They were much the same size as those on 
Bryher. 

St Mary’s.—In this, the largest island, much of the land is 
under cultivation and almost all the remainder is pasture. There 
is a good deal of bracken on the N.E. side. Almost all the likely 
spots were searched for earwigs, and they appeared to be most 
numerous in the following districts :— 

(i) Between Carn Morvel and the Coast Guard Signal Station, 
which is placed on the highest point, 165 ft., in the Scilly Islands. 
The walls of the pastures and turnip fields on the slopes up from 
Carn Morvel to the Signal Station were full of earwigs. 

_ (i) Newford Strand and Island. The Strand is a beach of 
blown sand followed by flat turf with a few houses. Harwigs were 
fairly plentiful under stones where sand and turf meet, as on Tean. 
Newford Island is connected with the Strand at low water. It is 
a small pasture walled round, and a certain number of earwigs 
were captured in the wall and under stones on the turf. 

(iii) Between Porth Hellick and Old Town. A few earwigs 
were found under stones on the sandy beach of Porth Hellick, the 
majority were captured in the walls of pastures by the road side. 

(iv) Porth Cressa. This bay is surrounded by gardens and 
pastures. The earwigs from all localities on St Mary’s included 
many “high” males, and the average size of body probably 
exceeds that of individuals from St Martin’s and Tresco Abbey. 

St Agnes and Gugh.—The latter is a turfy, uninhabited islet 
connected with St Agnes by a sandy beach save near high water, 
thus it may be regarded as part of St Agnes. Harwigs were found 
under stones on the sand and turf near their meeting point. 
St Agnes has many houses and is like St Mary’s in its cultivation. 
The walls of the pastures and root fields were fairly populated 
with earwigs, which were on the whole of about the same size 
as those from St Martin’s and therefore smaller than the St Mary’s 
individuals. 

Annet.—This island of 90 acres has no high land. It is un- 
inhabited. It is chiefly turf with much Armenia maritima. The 
north end is rocky and there are outcrops and stones lying about 
in many places. The whole of the soil is undermined by puffin 
burrows, for it is the regular breeding place of this bird in the 
Scilly Islands. Here no earwigs at all were found after prolonged 
searching by five persons. If there are any on Annet they are 
certainly in very small numbers. 

Rosevear.—This rocky islet, with the smaller Rosevean and 
Gorregan, forms an isolated group about two miles E. of the 
Bishop Rock. Mr C. J. King, of St Mary’s, informs me that when 
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he visited Rosevear in October 1912 the giant mallow (Lavatera 
arborea) was so high that a short man could walk hidden among ~ 
it. Armeria maritima is one of the commonest plants. Rosevear 
bears the ruined huts of the builders of the present Bishop Light- 
house, who inhabited it from 1850 to 1858. In 1912 and when 
he made a collection for me in September 1913 my boatman, 
Mr 8S. Jenkin, reported the islet swarming with earwigs. The 
specimens are nearly all large and the males conspicuously “high.” 
Among them is the longest pair of forceps which I have obtained 
or heard of, viz. 12°25 mm. ‘The Round Island collection of 1911 
contained one male with forceps 11:°0 mm. In Mr W. Bateson’s 
collection from the Farn Islands in 1892, by which he showed that 
the male earwig is dimorphic in respect of its forceps, the highest 
males have the value 9:0 mm.* 

The dimorphism of the male does not fall within the scope of 
the present paper; all that need be said is that in the Scilly 
Islands both “low” and “high” males occur, and that in some of 
the islands the “high” individual is strikingly in excess. The 
necessary measurements are as yet too incomplete for saying 
anything about the extent to which the two kinds of males are 
present in the Scilly Islands, and it should be borne in mind that 
the above notes on both the dimorphism of the forceps and the 
general size of body are from a comparatively superficial examina- 
tion of the collections. 

It is obvious that the Common Earwig is very abundant in 
the islands and that it exhibits well-marked local differences in 
respect of (a) numerical proportions of the sexes, (b) body size of 
adult, (c) percentage of “high” males. (6) and (c) naturally to 
some extent vary together: as pointed out by Bateson, the 
“high” male has a large body and the “low” male a small one, 
but the body dimensions give a monomorphic curve; the male 
earwig appears to be dimorphic only as regards its forceps. No 
explanation is at present forthcoming of the local variations 
mentioned above and we remain in the dark with regard to their 
causes as to those of local races in general. As remarked on p. 329, 
the percentage of males bears very slight or no relation to the 
mutual positions of the islands. Bryher and Tresco yielded collec- 
tions large enough to indicate the sex proportions with probable 
accuracy, the islands are contiguous and in both the male per- 
centage is high. On the other hand Samson, almost as near and 
separated from Bryher by very shoal water, has very few males. The 
estimate is based on a small total collection, but I am inclined 
to believe that the male percentage is really particularly low 
on this island, for we made it the object of prolonged search 


* Bateson and Brindley, Proc. Zool. Soc. Lond., Noy. 15, 1892, p. 585. 
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and came away with the conviction that its earwig population 
is sparse. The sketch map renders it unnecessary to particularise 
other instances of the same kind. The thought arises as to 
how long the Scilly Islands have had their earwig population. 
The mainland is 25 miles away at its nearest, and though the 
Common Earwig hardly ever uses its wings it is conceivable that 
individuals have been blown across from Cornwall now and then. 
But an earwig with furled wings, though it readily drops in order 
to seek shelter, is not easily blown from a spot it intends to hold 
on to. Floating vegetable matter and soil on the feet of birds 
may have helped to introduce earwigs into the islands along with 
other non-flying invertebrates, such as woodlice and earthworms. 
Probably, however, man has been an important factor in carrying 
earwigs to the Scilly Isles: their habit of concealing themselves in 
folded clothes and in crevices of all kinds greatly assists their 
passive transport. We do not know how long ago man settled on 
the larger islands, one can say no more than that his arrival was 
pre-historic. With regard to Round Island and Rosevear the 
suggestion may be hazarded that the extraordinary abundance of 
earwigs they possess may be partly the result of recent human 
settlement. On Round Island there is little doubt that they 
find abundant nourishment in the light-keepers’ rubbish heap, 
but on Rosevear there has been no such food supply for more 
than sixty years. I am unable to say anything as to what the 
Rosevear earwigs feed on at the present time. It is striking 
that these two islets should stand out as inhabited by earwigs 
with large bodies and great frequency of “high” males, while 
the numeérical proportions of the sexes differ so much. It does 
not appear likely that food more varied than the wild vegetation 
is a cause of the greater size, for in the Farn Islands in 1907 
Mr Potts and myself found that earwigs from the two unin- 
habited Widerpens were larger than those caught on the Inner 
Farn, which at that time had a poultry farm as well as the light- 
keepers’ houses. Again, on Tresco, the specimens from New 
Grimsby were large while those from the Abbey Gardens com- 
paratively small, both were living near human habitations but 
in different conditions as regards vegetation and soil. No more 
can be said with approach to certainty than that the specimens 
obtained from cultivated ground were generally smaller than those 
from rocky and wild localities. It may well be that local races 
are in process of evolution. The absence of earwigs on Annet is 
peculiar. Our search was sufficiently thorough to convince us that 
either earwigs have not obtained a footing there or that they 
exist in quite small numbers in isolated spots. Its nearness to 
a large island well stocked with earwigs and its vegetation gave 
the expectation that plenty would be found. This island furnishes 
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an argument against wind-carriage being an important factor in 
distributing them. Though uninhabited it is frequently visited 


by man, so that from time to time earwigs must be imported 


accidentally. It may be that this insect is a parallel case with — 


that of cockroaches, which are apt to occur in vast numbers in one 
spot and yet spread slowly from village to village and even from 
house to house. The expectation is, however, that earwigs as 
indigenous Kuropean insects living normally in the open would 


spread more easily than cockroaches, which for the most part seem — 


to have followed man from warmer regions. Annet is the island — 


specially chosen by puffins as their breeding place: it is just — 
possible that in some unknown way the presence of this bird is 


inimical to earwigs. 

We had no opportunity of searching the Eastern Isles lying 
between St Martin’s and St Mary’s. All are small, but many of 
them have turf and plenty of other vegetation. 

The present study of the earwigs of the Scilly Isles as a whole 
does no more than bring to light the facts recited, but they suggest 
that the group is a favourable and easily accessible locality for 


a full investigation as to sex-inheritance, influence of parasites and — 


of environmental conditions. 


About eight earwigs were taken, most of them on St Martin’s, — 


which were infested by a large Nematode or Gordiid worm, at 
present unidentified. This worm had its two ends hidden in the 
abdomen and its coiled body projecting from between the terga, 
which were much forced apart. The hosts seemed fairly active 
and well nourished. 

In the latter part of August the earwigs of the Scilly Islands 
are, as on the mainland, nearly all adult. Nymphs were collected 
by us, but not with so much care as the adults; their smaller size 
renders them more difficult to secure. 
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Notes on the Breeding of Forficula auricularia. By H. H. 
BRINDLEY, M.A., St John’s College. 


[ead 17 November 1913] 


IN a previous paper* I summarised what is known with 
regard to the oviposition, hatching and the duration of the imma- 
ture life of the Common Earwig. It was mentioned that no record 
could be found of this species being raised to maturity from the 
egg in captivity, and that Mr Potts and myself had failed to do 
so with eggs laid by earwigs brought to Cambridge from the Farn 
Islands in 1907 and 1908. 

In October 1912 I received a large number of living adults 
from Round Island, Scilly Isles. They were collected in September, 
and probably most of the females had paired, for while searching 
Gunwalloe Cove on The Lizard, in the same month of 1912, it was 
very common to find a male and a female together under stones. 

About 110 females were isolated in plaster of Paris cells 
averaging 24 in. wide by 14 in. deep, and covered by watch glasses. 
20 more were isolated in flower pots. In an endeavour to diminish 
the risk of septic infection and attack by fungi, coconut fibre was 
the only substance used for lining the cells and flower pots. The 
coconut fibre was kept fairly damp and as far as possible uniformly 
so. A small piece of washed potato without any skin adhering was 
the only food given, and this was renewed twice weekly. This 
diet was suggested by the quantity of potato peelings in the light- 
keepers’ rubbish heap from which the earwigs were captured. 

All the cells and flower pots were kept in a room in the 
Zoological Laboratory, Cambridge, as far,as possible from the hot 
air supply, though the temperature was on the average consider- 
ably above the winter temperature in the open on the Scilly 
Islands. The isolated earwigs were somewhat sluggish and did 
not eat the potato slips much. Some hid under the latter, some 
buried themselves first below the surface of the coconut fibre, 
while a good many remained on its surface. 

It was not possible to examine all the cells daily, but an 
endeavour to look at all at least twice a week was made. So the 
days which follow should no doubt in many cases be slightly ante- 
dated. Counting the number of eggs in a clutch was rather 
neglected, in the fear that much disturbance of the heap in which 
they were laid might diminish the chances of hatching. 


* Proc. Camb. Phil, Soc. vol. xvi. part 8, 1912, p, 674, 


| 
| 
4 
d 


Tn the following table, showing the results obtained, 0 in the — 
second column indicates that the eggs disappeared without hatch-— 
ing (some were attacked by mould, but the disappearance of the 
rest could not be explained). The figures in brackets after dates 
indicate the approximate number of eggs or individuals. 

The young when first observed were very small, having a body 
length of about 5 mm. Thus they were probably all in either the 
first or second instar, as newly hatched earwigs are 4 mm. long as 
a rule. 
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Hggs 
seen Young last Adult stage 
Biggs Hou hatch. | Young found seen alive attained 
ing 
1 — — Jan. 18 (23) | Feb. 7 (1) = 
2 at — |Jan. 18 (8) | Apr. 10 (2) zee 
3 os — Jan. 19 (8) | Feb. 17 (1) — 
4 — — Jan. 20 Mar. 8 (1) — 
5 -- = Jan, 23 Feb. 3 (several) — 
6 _ — Jan. 23 May 9 (1) — 
7 — _- Jan, 24 — June 17 (13,192); 
June 23 (3 more ? s); 
July 4 (1 more ?) 
8 — — Jan. 27 Mar. 22 (1) — 
9 — _ Jan. 28 (12) = July 17 (1¢) 
10 _— - Feb. 3 (c. 10) — June 25 (12) 
11 = — Feb. 7 (1) Apr. 29 (1) — 
12 — Jan. 21 | Jan. 21 Feb. 7 (several) = 
13 = Jan. 31 | Jan. 31 — June 23 (1?) 
14 | Jan. 19 (37) — — Jan. 31 (1) . — 
D5 Ig) Jee 190(09))) | eee’) () ats 
Feb. 18 (5) |Mar.15 (several) 
16 | Jan. 19 — Jan. 31 (7) | May 9 = 
17 | Jan. 19 (12) 0 0 -- aa 
18 | Jan. 24 0 0 — -- 
19 | Jan. 24 0 0 — = 
20 | Jan. 25 0 0 — = 
21 | Jan. 30 0 0 — — 


Thus greater success was obtained than in the previous © 
attempts, for in four families all stages from oviposition to maturity 
occurred in the laboratory. 

I am indebted to Mr C. B. Williams, of Clare College, for 
details of a case in which he was successful in obtaining mature 
individuals from the egg, hatching and subsequent stages being 
passed through in the laboratory of the John Innes Horticultural 
Institute, Merton. The year was the same, 1913, as my own 
observations. The dates were: 

March 8: female and 20 to 30 eggs found in a pine stump. 
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March 14—16: hatching took place, and the young were fed 
on potato and flower petals. 

August 20: 4 became adult. 

(In 1912, April 28, Mr Williams found two very small and 
apparently newly hatched young, and by August 28 both were 
adult. They lived till about March 17, 1913) 

The table of results obtained in the Cambridge Laboratory 
shows that out of about 130 Round Island females 21 certainly laid 
eggs (probably more did so and the fact escaped observation, but 
the examination of the cells was sufficiently frequent to render it 
unlikely that more than a very few clutches were missed). Four 
of the broods observed produced adult earwigs. The adults were 
nine in number, one male and eight females, which is curiously 
near the proportions given by Round Island earwigs collected in 
large quantities. The usual number of eggs laid by one female 
may be calculated very roughly by taking the average of 37, 19, 
and 12, the instances in which the eggs were counted with 
approximate accuracy; this average is 23 and is about the number 
usually found. Supposing that all the 1830 females which were 
put into cells had laid 23 eggs each, there would have been 2990. 
Actually, 21 females laid eggs, and if 283 was the average number, 
potentially 483 adults were produced. But only nine were actually 
found; which is 1:86 per cent. producing adult individuals of all 
the eggs laid. Supposing that all the 130 females which were 
isolated in cells had each laid 23 eggs, that all had hatched and 
all the young had reached maturity, 2990 adults would have been 
produced : nine in 2990 is 0°3 per cent. So great a failure to lay 
eggs at all and so great a mortality in infancy as appear in this 
case might be attributed to the artificial conditions under which 
the females were placed in October and continued in for five 
months or more before they began to lay: the conditions of 
moisture, ventilation, diet and the substances they lived among 
were all more or less abnormal. On the other hand, is it likely 
that the mortality among the immature is to any high degree less 
among earwigs in the wild state? I am inclined to doubt it. 
Again, in the artificial conditions of a laboratory the eggs and 
insects were out of the reach of various factors, both physical and 
organised, which affect adversely their development under natural 
conditions. On the other hand it seems probable that the artificial 
conditions had something to do with the great failure to lay eges, 
only 21 doing so out of 130 females presumably fertilised seems 
a very low proportion. Still, a certain number died in the first 
two or three weeks of their life in the cells, some may never have 
been fertilised and the new conditions may have inhibited the 
power of laying. As regards the failure of several of the clutches 
to hatch, the premature oviposition probably brought about by the 
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high temperature and other special features of life in confinement — 


may have rendered the eggs incapable of development. We do not — 


know the usual month for oviposition or how long is the period 
of immaturity in the Scilly Islands, apparently these facts are not 
established on extensive evidence for any country. A brief review 
of the published statements in this connection was attempted in 
my previous paper. In the neighbourhood of Cambridge it is 


likely that oviposition takes place in March or April, that the eggs — 


hatch in May, and that the offspring become adult in July or 
August. There is little doubt that the appearance of eggs as 


early as January is premature for even so temperate a climate as — 


that of the Scilly Islands, especially when it is borne in mind that 
a fair number of nymphs are found there in the latter half of 
August. That laboratory conditions encourage premature oviposi- 
tion is well known for more than one order of insects. Many of 
the earwigs brought to Cambridge from the Farn Islands began to 
lay about the middle of October. The same acceleration is well 
shown by the further history of case 7 in the above table. The 
male and the five females, which became adult between June 17 
and July 4, were placed together in a large dish on coconut 
fibre and supplied with green food as well as potatoes. On 
November 4, 13 young were found, apparently in the first instar. 
The eggs were not observed, so it is uncertain if the offspring of 
one or of more of the females was found, for all the latter were living 


and apparently healthy on this day. The young were isolated and — 


four at least were alive and active on December 21—there is no 
doubt that some had died. Thus these grand-children of a female 
brought from Round Island in September 1912 were hatched 
probably seven or eight months earlier than the third generation 
would be in a wild state. A batch of living adults was procured 
from New Grimsby, Tresco, early in October 1913, and about 
44 females were isolated on coconut fibre in flower pots. On 
October 28 a batch of eggs was found. So far these have not 
hatched. 


Survival of males through the winter. 


In my previous paper (p. 678) the doubt as to what extent this 
occurs under normal circumstances was alluded to. In the subse- 
quent experiments the point has not been examined in detail, 
partly because a large number of the males have been killed and 
preserved for measurements of the forceps, and partly because the 
artificial conditions of a laboratory militate against a satisfactory 
conclusion, 
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Maternal care of the eggs. 


The eggs of earwigs laid in the wild state are usually found in 


a little pit excavated and covered in about an inch below the 


surface, or else in convenient crevices in vegetation. In the cells 
and flower pots in which the Round Island females were kept most 
of the clutches were laid on the surface of the coconut fibre, but 
in many cases the mother protected them by a thin covering of 


fibre so that they lay in a small pit immediately under the surface. 
Whether she made the excavation before or after oviposition was 


not ascertained, the act of laying itself was not observed in any 


ease. There is no doubt that the mother watches over the eggs, 
as has been stated by various authors, but the assertion, made 
from time to time, that she guards the young seems to have no 
foundation. The newly hatched are active and begin feeding in 


-a few hours, possibly less, after becoming free from the egg 


membrane, while the mother displays no interest in them. Before 


hatching her behaviour is very different. The female either covers 


the little pile of eggs with her body or else keeps her head towards 
them with the antennae playing over them. Possibly the second 
attitude is the result of her being disturbed rather than the natural 
one. If driven away from the pile of eggs, for they are usually laid 


in a heap resembling a pile of round-shot, in a few minutes she has 


returned and is seen diligently bringing the eggs together with 
the first pair of legs. This accords with Camerano’s observation * 
quoted in my previous paper. 


Hatching. | 


This was observed in the case of two clutches of eggs. Shortly 
before rupture of the egg membrane the position of the head is 


seen easily by the black eyes, the only pigmented part of the 


young earwig, showing through the membrane. The young 
appears to bite through the latter and it comes out head first, 
aiding its emergence with the first pair of legs. As more of the 
body is freed the other legs in succession push away the egg 


‘membrane. In more than one case there was evidently great 


difficulty in discarding the membrane, which was eventually done 
by catching it against obstructions. 


* Boll. d. Soc. Hntom. Ital., 1880, p. 46. 
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The comparison of nearly equal electrical resistances. By 
G. F. C. SEARLE, Se.D., F.R.S., University Lecturer in Experi- 
mental Physics, Fellow of Peterhouse. | 


[Head 24 November 1913.] 


§1. Introduction. The ratio of the resistances of two very 
nearly equal coils can be determined most accurately by finding 
the very small difference between their resistances. ‘The method, 
which, perhaps, is most widely known, is that of Carey Foster. 
In that method the difference is expressed as the resistance of — 
a measured length of the graduated wire of the Carey Foster 
bridge. It is therefore necessary to know the resistance of each 
centimetre of this wire and to have a table of calibration corrections, 
since it 1s impossible to procure an absolutely uniform wire. Even 
if the wire were initially uniform, it would by use become non- 
uniform through the wear caused by the contact of the sliding 
contact piece. 

In the bridge designed by Dr J. A. Fleming and used for 
many years at the Cavendish Laboratory by Dr R. T. Glazebrook 
and others in the comparison of resistance coils with the standards 
of the British Association, the wire is about 1 metre in length and 
has a resistance of about 1/20 ohm. Thus to measure a difference 
of resistance of 1/200,000 ohm a movement of the contact piece. 
of 1/10 mm. has to be observed and measured. 

In recent years the use of Carey Foster's method has been 
abandoned for resistance comparisons of the highest precision and 
a method of shunting is now employed. This involves the use of 
a resistance box capable of furnishing high resistances, and, in 
strictness, the coils in this box should be compared with a standard 
resistance. But the resistance boxes now supplied by any good 
instrument maker are so accurately adjusted that it is quite un- 
necessary to calibrate them if they are only to be used as shunts, 
The great advantage of the method of shunting is that instead 
of dealing with the resistance of one or two millimetres of the 
wire of the bridge—a length which could not be easily read to 
less than 5 mm.—we have to deal with shunting resistances 
measured by many hundreds or thousands of ohms, these re-— 
sistances not differing from their nominal values by as much as 
one part in a thousand, “if the resistance box has been well 
adjusted. 

The method of shunting has been in use for some years at the - 
National Physical Laboratory and in other standardising labora- 
tories, but it has hardly made its way into the laboratory courses 
intended for elementary students of physics. It has, however, so 
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many advantages both as regards accuracy and as regards the in- 


struction of students that it may be useful to other teachers to 


give an account of the method as employed in my practical class 
at the Cavendish Laboratory. 

§ 2. General theory. The theory of the method is as follows: 
Let C, D(Figs. 1, 2) be two nearly equal resistance coils; in practice 
they would not differ by as much as one part in 1000. 


Fig. 1. 


The two coils A, B, which are to be compared, are first con- 
nected with the coils O, D to form the four arms of a Wheatstone’s 
bridge, as in Fig. 1, the exact balance being obtained by shunting 
A with a high resistance a, and B with a high resistance b,. The 
coils A and B are then interchanged, so that they are now arranged 
as in Fig. 2, and the balance is obtained by shunting A with a, 
and B with by. 

It will not, as a rule, be necessary to shunt both A and B at 
the same time*, so that two of the four resistances a, a2, b,, b, 
will be infinite. But it will be convenient to consider the mathe- 
matics of the problem without this restriction. 

Which of the two coils A and B will require shunting in 
either of the two arrangements will depend upon the relative 
values of A, B, C, D. The four possible cases are as follows: 

A shunted in both arrangements. 

B shunted in both arrangements. 

A shunted in the first arrangement, B shunted in the second 

arrangement. 

B shunted in the first arrangement, A shunted in the second 

arrangement. 
* Tf no very high resistances are available, it may be necessary to apply shunts 
to both A and B in order to secure a satisfactory balance. 
- 23—2 


DD) 
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Let A,, A, be the effective resistances of A when it is shunted 
by a), ds and By B, the effective resistances of B when shunted by 
b;, b;. Then 


1 = Lt ae i i = i at (1) 
a: = a A, mA oe ‘ 
1 SB a etal : 
Ses == i A ee 2): 
Bua Bayben, eb: Teoma (2) 
| oD Dee a 
Since A, = B, and aL, = B, meee} ofl fellate eertetetat fete (3), 


when the bridge is balanced in the two cases, we find, by elimi-— 
nating C and D, 


A. As = BB, wee etme ene teen ntsvenas 


Taking the square root of each side of (4), we have 


Jae O. 


The left side of (5) is the es mean of 1/A, and 1/A,. 
When A, and 4, are nearly equal, this is very nearly the same as 
the arithmetic mean. Thus, if 


See ey De ial 


Ai) Acces =A eee 
so that 1/A, is the arithmetic mean of 1/A, and 1/A,, we have 


fe fA 7 
ia, V acess, oe oe ae 


Hence, if A, and A, are so nearly equal that A,?/207 is negligible 
compared with unity, we may use the arithmetic mean 1/A, instead 
of the geometric mean. For example, if A,/a is 1/1000, A,?/20? is 
only 1/2,000,000, which is negligible in all but the most precise 
work. In that case, however, the resistances would, probably, — 
have been so well adjusted that A,/a is less than 1/1000. The 
same remarks, of course, apply to B, and B,. Replacing the ~ 
geometric means in (5) by the arithmetic means, we have 


(4, +a) ~3la ta) 
2 B, B 
“* Equation (4) is a quadratic for 1/A in terms of 1/B. _ If we solve it, we find 


SA) oe WN ON ae 
Vi TA 0h) \B Oh Fane — 2 Naar 


week can be used in any case where a,, d., b,, b, are not very ge compared 
with B. 
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or, by (1) and (2), 


dag iet] EW An a easel lense: 
ata(-+.)-ptaleta) cee ecceecces (6). 


From this equation the difference between 1/A and 1/B is found, 


when the shunts a,, a, 0,, b, are known. 
We also have, from (6), 


A Sa eel es 
AB =p- 475 (a, Tin) Oa. Del 


PARTS oe ais melitrz rl 
pence Asi 2 ia . Gi De ») 
When A and B are very nearly equal, it will be sufficient to use 
A? or B® instead of AB on the right side, or merely to use the 
nominal values of A and B on that side. 

§ 3. Practical details. The measurements are easily made 
when suitable connecting pieces are used. In laboratories where 
serious comparisons of resistance are made, mercury cups formed 
in massive blocks of copper would be used in making the con- 
nexions. But mercury cups are out of place in a crowded practical 
class where the students have only a limited time in which to do 
the experiments ; from the demonstrator’s point of view the most 
important thing is that there should be nothing which can “go 
wrong.” 


Fig. 3. 


In Fig. 3, Z, M, N, O, P, Q represent six strips of stout copper 
with forked ends for clamping under the terminals of the coils. 
The pieces L, O are connected by about 15 cm. of stout copper 
wire and the pieces NV, Q are connected in a similar manner*. 
Short wires are soldered to L, M, N, P, as shown in Fig. 3, and by 


* Copper wire is preferable to any stiffer connexion, since its use allows Z and 
N to be moved without straining the terminals of the coils C and D. 
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these wires connexions are made to the battery, the galvanometer 
and the resistance boxes supplying the shunts, coupling screws 
being used. A more convenient plan is to fit the copper pieces 
with proper terminal screws. The four coils A, B, C, D are 
inserted in the gaps as shown diagrammatically in Fig. 3. 

The resistance of the part of the copper connector OL, which 
lies between the coil C and the point where the battery wire is 
attached to L, together with the resistance of the part of P, which — 
lies between C and the point where the galvanometer wire is 
attached to P, counts as part of C itself and is therefore eliminated | 
in the equations. Similar remarks apply to the copper connectors” 
which are joined to the coil D. The effect of the finite resistances _ 
of the connectors joined to A and B is discussed in § 9 and is 
shown to be negligible in practice. ; 

To prevent undue heating of the coils, a sufficiently great 
resistance R should be placed in series with the battery. The 
galvanometer should be permanently connected to M and P, and a 
tapping key K should be placed in the battery circuit. In this 
way errors due to thermoelectric effects are avoided. The in- 
ductances of the coils are too small to give rise to trouble on 
making or breaking the battery connexion. 

In order that, after a balance has been obtained, it should not 
be upset by changes in the resistances of the coils due to rise of 
temperature brought about by the passage of the current, it is 
necessary that the coil A should be similar to the coil B and that ~ 
the coil C should be similar to the coil D. When the bridge is 
arranged as in Figs. 1 and 2, this similarity secures such constancy 
of the ratios A/B and C/D that the passage of the current does 
not upset the balance when once it has been obtained. 


The “Sub-standards” of resistance (Fig. 4) supplied by 
Mr R. W. Paul have proved very suitable for the experiment. 
These coils are wound with wire of small temperature coefficient 
and are well ventilated so that they carry comparatively large 
currents without serious rise of temperature. Using four of these 
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sub-standards for A, B, C, D, in Figs. 1 and 2, the students at the 
Cavendish Laboratory are able to make reasonably good com- 
parisons in a room where there is much vibration due to moving 
machinery, the galvanometer being a table instrument having a 
pointer moving over a divided scale. 

The results given below are not intended to illustrate the 
power of the method when used under favourable conditions; they 
are intended rather to show how well the method works under 
unfavourable conditions. 

§ 4. Practical example. The following results obtained by 
G. F.C. Searle and A. L. Hughes will illustrate the working of 
the method. Four “sub-standards” A, B, C, D, each of nominally 
one ohm resistance, were employed. 


Position 1. 
Coil A not shunted. Hence a,=0 ohms and 1/a,;=0ohm~!. 
Coil B shunted with 2800 ohms. Hence 1/b,=0:000357 ohm7~!. 
Position 2. 


Coil A not shunted. Hence a,=00 ohms and 1/a,=0 ohm7~1. 
Coil B shunted with 4800 ohms. Hence 1/b,=0:000208 ohm7~!. 


Hence, using (6), 


eee Sealy ally 
Al QD\ GR Gy BIB NG Boy 


we have 

oe le soil 1 

Fah + 9 (0000357 + 0:000208) = Bt 0000282 ohm~}, 
or B-—-A=ABx 0:000282 ohm. 


The difference between A and B is so small, and each is so nearly one ohm, 
that we may put 46=1 ohm? and thus obtain 


B—A=0-000282 ohm. 


§5. Intercomparison of three coils. A useful test of the 
accuracy of the method is obtained if three coils A, B, C are used. 
First A and B are compared as described in §§ 2, 3, using C and D 
as the auxiliary coils whose ratio is eliminated. Then A is com- 
pared with C, using B and D as the auxiliary coils. Finally B is 
compared with C, using A and D as the auxiliary coils. In this 
way the values of the three differences 


TBA AL ot! Nh BN=LC 


are found. The accuracy of the work may be tested by comparing 
the value of B—O found directly with that found from the two 
differences A—Band A—C. The shunts on C may be denoted 


I Ci, Ca. 
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6. Practical example. The intercomparison of three coils 
is illustrated by the following results obtained by G. F. C. Searle 
and A. L. Hughes. Sub-standards each of nominally one ohm 
resistance were used. 

Comparison of A and B. 
aj=0, I/m=0, ~b,=2800,  1/b,=0-000357 
dg=O, 1/a,=0, 6, = 4800, 1/b,=0-000208. 


Thiel : 1 
(O00; 000208) = = +0-0002 
Hence ieeeuweo (0:000357 + 0:000208 ) Rr 000282 
and A—B=—AB x 0:000282= —0:000282 ohm. 
Comparison of A and C. 
m=O, 1/a,=0, ¢, = 4000, 1/¢e,=0°000250 
@2=785, 1 /d,=0°001274, c=o, 1/e.=0. 
ili yseeih i el 
Hence At 9% 0001274 = G+ 5 x 0:000250 
and A—C=ACx 0000512 =0:000512 ohm. 


Comparison of B and C, 
b, =2700, 1/b,; =0-000370, Cir 1/e,;=0 


bo= 760, 1/b,=0:001316, Cg=0, 1/e.=0. 
There : ; : el 
Hence Rta (0:000370 + 0:001316) = C 
and B-C=BCx0-000843 =0:000843 ohm. 


The value of B—C deduced from the two differences A—B and A —C'is 
B-C=(A-—C)—(A — B)=0-000512 + 0:000282=0:000794 ohm. 
Thus the two values of B—C only differ by 0:000049 ohm. 


§7. Intercomparison of fowr coils. When the student has 
sufficient time he may determine dzrectly, by the method of § 2, 
each of the six differences 

A-B, A-(C, A—D, B-C, B-D, C—D. 
When this has been done, it will be found that the six differences 
are not quite consistent. Thus, in the example recorded in § 6, it 
was found by direct comparison of B and C that B—C=0-000843 
ohm but that 

(A —C)—(A —B) = 0000794 ohm. 
We have, then, to decide how to combine the six results so as to 
obtain the most probable values of the three differences A — B, 
A-—C, A—D, it being supposed that each of the six observed 
ditferences has been found with the same care. 

The method employed to obtain the desired result is the 
method of least squares. 
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Let us put 
A—B=2, A—C=y, A—D)=z. 


Then 
| B-C=y-a, B-D=z—-2, C-—D=2z-y. 


“Then the six observed differences A—B, A—C, &e. give us six 
equations for the determination of the three quantities «, y, 2. 
These equations are, however, not quite consistent and we employ 
the method of least squares to reduce the six equations to three, 
which when solved will give us the most probable values of 
ee, Y, 2. 

Denoting the six differences by A,, A,, ... A;, we have the 
following six equations 


4 = 


A, — a = Ay 
y=A, Saal +z=A 
A; 


The method of least squares directs us to multiply each one of 
these equations by the coefficient of in it and then to add the 
“six equations together to form a single equation. In our case the 
coefficients of « taken in order are 1, 0,0, -—1, —1,0. A second 
equation is formed by multiplying each one of the six equations 
by the coefficient of y in it and then adding the six equations 
together. A third equation is formed in like manner by adding 
together the six equations after each has been multiplied by the 
coefficient of z in it. When this is done in our case, we obtain 


_the following three equations : 


30—- y— z2=A,—A,—A;=m, 
—#+3y—-— z=A,+A,—A,=™m, 
—x— y+3z2=A,4+4,+4+ A,= 7. 
The values of x, y, z—say, X, Y, Z—derived from these last three 
equations are the most probable values. We obtain 
X= (2m 45 ese hs) 
VY=i( m+2m+ m3), 
4= 4( m+ m+ 2s). 


We can now determine the most probable values of A, 5, C, D in 
terms of M, the mean value of these four quantities. For 


Maa eB Cn p= A 1 (eyez). 
Thus  A=|M+i4(X4+V4+D=MP4Antmtm) 
BE ee OAV. | DA ae 
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§ 8. Practical example. The following results were obtained 
by G. F. C. Searle and A. L. Hughes, using four sub-standards 
each nominally of one ohm resistance. 


The six direct determinations of differences gave the values, 
A, =A — B= — 282 x 10-8, A,>=A-—C= 512x106 ohms, 
A;=A-D= 458x10-§, A,=B-C= 843x10-5 ohms, 
A;=B-D= 732x10-§, Ag=C-— D=-— 65x10-6 ohms. 
Hence =A, — A,— A5;= — 1857 x 10-6 ohms, 
na=Ag+Ay—Ag= 1420x 10-6 ohms, 
ny=Azt+tAs;+Ag= 1125x10-6 ohms. 
Then A=4(2m+ 2+ y3)= —292x 10-6 ohms, 
VY=4( m+2n2+ 3)= 527x10~-6 ohms, 
Z=4( m+ yo+2n3)= 453x10-6 ohms. 


We can now find A, B, C, D in terms of M, the mean value of the four 
resistances. Thus 


A=M+4 (ny +n2+n3)=M+4+172 x 10-6 ohms, 
B=A—X=M+464~x 10-6 ohms, 
C=A - Y=M—355x 10-6 ohms, 
D=A-Z=M—281x 10-6 ohms. 
If we assume that Mis accurately one ohm, we have the values 
A=1:000172, B=1:000464, C=0°999645, D=0'999719 ohms. 


The discrepancies between the observed and the calculated differences are — 
shown in the table. The differences are given in millionths of an ohm. 


AaB A=€6 | A=D | “B22 ¢9)| Se Spe een 
Observed — 989 512 458 843 732 — 65 
Calculated — 299 527 453 819 745, aA | 


The greatest discrepancy only amounts to 24 millionths of an ohm. 


§9. Lffect of finite resistance of connectors. If we treat the — 
copper connectors as linear conductors, we can easily modify the 
equations so as to take account of the resistances of the various 
parts of the connectors*. When the connectors are treated as 


* Methods of dealing with non-linear conductors are given in my paper ‘‘ On 
resistances with current and potential terminals,” The Electrician, March 31, 
April 7, 14, 21,1911. The paper is also published separately by The Electrician. 
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linear conductors the arrangement may be represented diagram- 
“matically by Fig. 5. The resistances of the parts of the connectors 
are represented by p, q,", $, h, k, as shown in Fig. 5, and these 
“resistances are very small compared with A or B. 


Fig, 5, 


: When A is in the left gap with a shunt a, while B is in the 
right gap with a shunt 0b,, the resistances of the compound con- 
~ ductors between U and W and between V and W are 
(A+p+Q)% / (B+r+s) b, 
as Gee 
A+p+qt, B+r+s+b, 
When the coils A and B are interchanged and the new shunts 
are d, and 6,, the corresponding resistances are 


Ca py eye ae Daa 


ere 4: 


As— EY far tat Gy’ Beptgt ls’ 
Aly iB Hale dey 
Since wD) and Dp 6 
we have ALA = R/ BuBy Se tak ee re eS (8). 


On replacing the geometric means in (8) by the arithmetic 
means, the quantity $(h +) cancels and we have 
,(Atptya , Gare 
2\A+ptqta, A+trt+st a 
ne GA e ae) or Ores o 
72 \Berts+l, B+p+q+b, 


a : A+pt+q a. A+r+s 
y 2114(Atptgia 1+(A+rts)[a 

ae eS a B+p+q . 

2114 (B+r+s)/b,  1+(B+pt 9/5) 
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Expanding each of the denominators as far as the second term, we 
have . 


3 iAtptq—-Atpteyjat+ a +r +5— (Aq rs) as, 
=4{B+ris—(B+r+syP/bh,4+B+p+q—-(B+pt+q)/b}- 


Since p, q, 7, s are very small compared with A or B, we may 
neglect 2Ap/a,, 2pq/a,, p*/a, and similar terms. We then obtain — 


A-%(++2)-B-5 (G4; 


DONG a 2 ND oy a 
Here we may write AB for A? and for 5’, and then we find 
AB 7 ea 
ACES ata eee 


b 
which is identical with equation (7) of § 2. 
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__ The Distribution of the Stars in relation to Spectral Type. By 
Professor A. S. EppinGton, Trinity College. 


[Read 24 November 1913] 


plane is not shown equally by the different spectral classes. 
Type B is the most condensed, and the others follow in the order 
A, F, G, K, M, ie. the sequence coincides with the usually 
accepted order of evolution. Formerly it seemed probable that 
this result was due to a progression in the average distance of 
these classes of stars, for, on the hypothesis that the stellar system 
is of oblate form, the greater the distance the greater will be the 
concentration to be expected. This explanation fitted in well with 
certain direct evidence as to the luminosities of the ditferent 
spectral types. Recent determinations by Boss and Campbell 
of the average distances of the stars of different spectral types 
negative this explanation in a most decided manner. It appears, 
for instance, that the M stars are on the average more remote and 
more luminous than Type A. We have to return to the view 
that there is a real difference in the distribution of the spectral 
types. Apparently the stars have been formed mainly in the 
galactic plane; the earliest type with their small velocities have 
not strayed far from it; the latest type with their large velocities 
have had time to become much more uniformly dispersed. 

There is an outstanding question of great difficulty. In 
parallax investigations it is found that the M stars are the faintest 
of all the types; in statistical discussions of proper motions, etc., 
they are found to be the brightest except Type B. Similar 
difficulties occur with the other types. Russell has put forward 
the theory that Type M consists of two divisions, one being the 
very earliest and the other the latest stage in evolution. Against 
this it may be urged that both divisions of Type M are charac- 
terised by very high velocities in space; this seems to indicate 
a close relation between them. Further, as far as statistical 
investigations are concerned, Russell’s theory inverts the usually 
accepted order of stellar evolution. The result arrived at in the 
previous paragraph would thus have to be reversed,—the stars as 
formed are fairly uniformly dispersed and have high velocities; 
afterwards they lose their velocities and become concentrated to 
the galactic plane. This is not so intelligible as the previous 
conclusion. 


It is well known that the concentration of stars to the galactic 
: 
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The oxygen content of the river Cam before and after recewing 
the Cambridge sewage effluent. By J. E. Purvis, M.A., Corpus 
Christi College, and E. H. Buack, M.B. (Kdin.). 


[Read 23 February 1914. | 


| The 8th Report (1912) of the Roya! Commission on Sewage 
Disposal, Vol. 1, deals with the standards to be applied 
to sewage and sewage effluents discharging into rivers and 
streams, and the tests which, in the opinion of the Commis- 
sioners, should be used in determining those standards. They 
discuss also the connection between the physical and the 
chemical conditions of streams receiving sewage liquids, the 
various tests which are now employed, such as the amount of 
ammoniacal nitrogen, the amount of oxygen absorbed from 
permanganate of potassium in four hours, and the amount of 
dissolved oxygen taken up in five days. Finally they selected 
‘the amount of dissolved oxygen which is consumed in five days at 
18° C. as the basis of a standard. 

| It is obvious that there are local and seasonal variations in 
the conditions of rivers and streams receiving sewage or sewage 
effluents ; but they conclude that if 100,000 c.c. of a river water 
do not normally take up more than 0-4 gram of dissolved oxygen 
in five days, the river will be free from signs of pollution; and 
jthat if the river gives a higher figure than this, it will show 
isigns of pollution, except perhaps in very cold weather. They 
therefore decided that this figure ought not to be exceeded by the 
mixture of the rivers and the polluting streams discharging into 
them. The experiments were carried out at 65° F. (183° C.), for 
when the five days’ test was carried out at the various tempera- 
jtures of different seasons, varying results were obtained. They 
also adopted the normal dry weather flow of the river. 
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The quality of the river or stream as the receiver of sewage 
or an effluent is a very important factor to be considered in the 
disposal of sewage or sewage effluents; and the Commissioners 
have classified rivers into groups so that, for example: 


Very clean take up 0-1 gram of dissolved oxygen in 100,000 parts of the 
stream in 5 days. 
Clean 0:2 ,, of dissolved oxygen in 100,000 parts of the 
stream in 5 days. 


Fairly clean ,, 0-3 ,, of dissolved oxygen in 100,000 parts of the 
stream in 5 days. 
Doubtful iy 0-5 ,, of dissolved oxygen in 100,000 parts of the | 


stream in 5 days. 
Bad a 1:0 ,, of dissolved oxygen in 100,000 parts of the 
stream in 5 days. 


They consider that, under ordinary conditions, the average | 


quality of the diluting water, for the purpose of arriving at) 
a standard, should be represented by 0:2, that is, by a “clean | 
TUNE Tee 


But the most important factor is the degree of dilution | 


afforded by a river receiving the discharge; because there are 


numerous instances in which the degree of dilution is sufficient to 
dispose of the sewage by natural agencies without cost or injury 
to the community. a 

Considering, however, the various methods of sewage treat-_ 
ment, as, for example, tank treatment with or without chemical | 
precipitation, or artificially constructed filters or sewage farms, 
the Commissioners recommend that, in those cases where a. 
complete system of sewage disposal is necessary, the sewage 
effluent shall not contain more than 3 grams of suspended matter ~ 
per 100,000, and that, including its suspended matters, it should | 
not take up more than 2 grams of dissolved oxygen in five days » 
at 60° F. (18°3° C.). 

The Report also discusses the cases where, owing to the) 
relatively small volume of the river, a more stringent standard 1s: 
necessary ; and, on the other hand, conditions of dilution which » 
indicate that a relaxation of the normal standard may be allowed. . 
For example, a claim for a relaxed standard may be considered — 
when (1) the particular river water when mixed with sewage or | 
sewage effluent does not take up more than 0'4 gram of dissolved | 
oxygen per 100,000 in five days, and (2) when it can be shown) 
that the river will receive no further pollution until it has- 
recovered itself so far as not to take up in five days an amount 
of dissolved oxygen much in excess of that which it took up before 
receiving the first discharge. 

In view of this Report, the authors have studied the con- 
dition of the sewage effluent poured into the Cam from the 
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Sewage Farm on Milton Road, and also the Cam itself above 
and below the effluent outfall, to see how far the conditions of the 
river and the effluent are comparable with the standards suggested 
by the Commissioners. 

A very extensive research would be necessary for a complete 
survey. It would mean a daily examination of the river and the 
effluent, and perhaps twice a day. But a fairly comprehensive 
view may be obtained by obtaining an analysis once a week, 
during the summer and winter months. The condition of the 
river can be investigated in the dry and wet seasons; and the 
dilution, as well as the varying pollution, should give a fair 
indication of the general conditions of the river and the 
effluent. 

In connection with the condition of the Cam above and 
below the sewage effluent outfall, reference may be made to a 
paper by Purvis and Rayner*. In the investigation it was 
shown that the chemical purification, as distinct from the bacterial 
purification, was moderately good, as determined by the estima- 
tion of the two ammonias and the amount of oxygen absorbed 
from potassium permanganate in four hours. At two miles below 
the outfall, the river showed a definite amount of purification 
notwithstanding the fact that at ? of a mile below there was some 
contamination from another source. They also proved that above 
this contaminating influence, at half a mile below the outfall, 
the chemical purification was fairly good. 

The method of analysis of the present investigation was that 
used by Letts and Blake+. The process is simple, and the details 
can be obtained in these publications. ‘The results of the various 
determinations are given in the tables (pp. 8363—368). 

The more important facts which arise from a comparison of 
these analyses are the following: (a) The solids in suspension in 
the effluent were, on several occasions in the summer months, 
above the standard of 3 grams per 100,000; and on these occasions 
an offensive smell was noticed after five days’ incubation. On four 
occasions during the winter months the suspended solids were 
also above the standard; but, on the other hand, there was no 
smell after five days’ incubation. On examining these solids 
microscopicaily it was found that they chiefly consisted of zooglcea 
masses of a filamentous bacillus which had developed and had 
grown on the inside of the drain pipes and inspection chambers. 
They were not fxcal substances which produced an unpleasant 
smell like those noticed in the summer. The appearance of the 


* Journ. Roy. Sanitary Inst., 1913, vol. xxxtv. p. 479. 

+ Proc. Roy. Dub. Soc., vol. 1x. (N.S.) pt. iv. No. 33. Also the 5th Report, 
Royal Commission on Sewage Disposal, Appendix 6, p. 221, and the 8th Report, 
vol. 11. Appendix. 
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masses of bacteria when floating or suspended in water resembled — 
flakes of shredded paper or pieces of cotton wool in size from — 
a three-penny piece to a two-shilling piece. They were con- 

stricted at one end, the point of attachment of the growth; the — 


Dissolved 
oxygen taken The 
up in 5 days rainfall | 
in grams per _ in 
100,000 inches - 


—-—-- dissolved oxygen absorbed in five days in grams per 100,000. 
rainfall in inches during the four days previous to that on which the sample 
» was taken. 5 


Fig. 1. Curves showing the degree of pollution as indicated by the rise and fall of 
the amount of oxygen absorbed in five days by the river Cam 150 feet above the 
effluent outfall, and its relation to the rainfall. 


other end and body of the mass was spread out fan-wise, and 


when held up to the light resembled frost on a window-pane. — 
Microscopically they consisted of long chains of rod-shaped 


before and. after recewing the Cambridge sewage effluent. 357 


bacteria, resembling closely the anthracoid group. Each rod 
was attached to the next, and no free members were seen; they 
had the appearance of spore formation in the centre of each 
rod; they were more abundant in the effluent in cold weather. 
It is proposed to study them in more detail later. (b) The 
amount of oxygen absorbed by the river above the outfall was 
always above the standard of a clean river water (0:2 gram) in the 
winter months from October to December inclusive, whereas in 
the summer months, from May to August inclusive, it was 
always below the standard. It cannot be said, therefore, that 
the river itself always satisfies the standard of the Royal Com- 
mission. (c) Only on two occasions (August 14 and October 10) 
was the amount of oxygen taken up by the effluent below the 
standard of the Commissioners. (d) On the other hand, the 
purification which takes place when the effluent mixes with 
the river water is fairly rapid; and, although the mixture of 
the effluent and river at 50 feet below the outfall gives a figure 
which is sometimes above and sometimes below the standard of 
0-4 gram of oxygen absorbed in five days at 18°C., yet the 
river + mile down as regards its cleanliness compares fairly well 
with the standards of a diluting water suggested by the Com- 
missioners. For example, five of the analyses would grade the 
river as “clean,” ten as “fairly clean” and three as “doubtful ” 
at + mile below the effluent outfall. 

Three factors at least may be suggested to explain the 
difference in -the results of the summer and winter months. 
They are (1) the rainfall, (2) the number of hours of sunshine 
and their influence upon aquatic vegetation, and (3) the tem- 
perature. The curves in Fig. 1 show that as the rainfall increases, 
the amount of oxygen absorbed in five days also increases; and, 
it will be noticed, that this takes place at the beginning of the 
rainy season in October. An increase in the rainfall is accom- 
panied by an increase in the pollution of the river, and a corre- 
sponding increase in the oxygen absorbed, and this is well shown 
by the two curves rising and falling together. The second factor 
is the presence of aquatic vegetation influenced by the number 
of hours of sunshine; and the curves of Fig. 2 illustrate the 
variation in the amount of dissolved oxygen which rises and falls 
with the number of hours of sunshine in the summer months. 
It is well known that aquatic plants give off more oxygen under 
the influence of the sun than in its absence, and this fact 
explains the increase in the dissolved oxygen. Such an ex- 
planation is confirmed by the curves of Fig. 3 for the winter 
months, where there is no regularity like that indicated by the 
curves in Fig. 2. Although there is a decrease in the number of 
hours of sunshine, and an almost entire absence of aquatic plants, 


Oxygen dissolved in c.c. per litre at 0°C. and 760 mm. 
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which had died or been removed, the increasing amount of 
dissolved oxygen observed from November 12 to December 8 
(see Fig. 3) is explained by the diminution in the amount of 
pollution which follows the decrease of the rainfall between those 


--—-- dissolved oxygen in c.c. per litre at 0°C. and 760 mm. 


hours of sunshine for the two days preceding that on which the sample was 
taken. 


Fig. 2. Curves showing the connection between the number of hours of sunshine 
and the amount of oxygen dissolved in the Cam in c.c. per litre, 150 feet above 
the effluent outfall. 


two dates, together with the fall in the temperature of the water 
from 20°C. on May 29 to 5°C. on December 8. The deter- 
minations by Winkler of the number of c.c. of oxygen held in 
solution in one litre of water are quoted in the 8th Report of 


EEE 


Hours of snnshine for the two vrecedines davs- 
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the Royal Commission on Sewage Disposal, Vol. 1. Appendix, p. iv. 
From this reference it will be seen that the temperature exhibits 


a controlling influence on the amount of oxygen dissolved. For 


example, at 5°C., 89 cc. of oxygen are held by 1 litre of water, 


_ ote 
ae, 
ae 


Hours of sunshine for the two preceding days. 


—--- dissolved oxygen in c.c. per litre at 0° C. and 760 mm. 

=== hours of sunshine for the two days preceding that on which the sample 

was taken. 

Fig, 3. Curves showing the relationship between the diminution in the pollution 
and the gradual increase in the amount of oxygen in the river between 
Nov. 12th to Dec. 8th, and the gradual decrease in the temperature of the © 
water whereby more oxygen was dissolved from the atmosphere than in the 
warmer months. The fall of the oxygen figure on Oct. 29th was caused by an 
increased pollution of the river after rain. 


and 6°4.¢.c. at 20°C. The Commissioners consider that at about 
16°C. a clean river water may be taken as containing 7 cc. of 
oxygen per litre; but the authors found, at 16° C. (60° F.) and 
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767 mm., on June 13, for example, 10086 c.c. of dissolved oxygen 
in the Cam water above the effluent outfall. On reference to 
Fig. 2 this corresponds to the maximum amount of sunshine for | 
the two preceding days. | 

To sum up this investigation as it affects the disposal of the 
sewage effluent into the Cam, it is evident that (1) the seasonal | 
variations had an important influence on the composition of the 
river as the receiver of the effluent, for the oxygen absorbed | 
figure was below the standard in the summer months and above | 
the standard in the winter months; (2) the suspended solids in | 


the effluent were above the standard on several occasions, par- 
ticularly in the summer months, when they were fecal solids and 
not masses of bacteria; (8) the oxygen absorbed in five days by 
the effluent satisfied the standard of the Commissioners only 
twice in eighteen times; (4) with the increased pollution of the 
river as the diluting medium during the winter months, although 
the sewage effluent was of much better quality than that dis- 
charged into the stream during the summer months, the oxygen 
absorbed figures of the mixture of the polluting discharge and 
the river 50 feet below the effluent outfall exceeded the standard — 
oxygen absorbed figure of 04, at the rate of 89°2 per cent. of the 
samples taken from October to December, as compared with 
25 per cent. of those collected from May to August; (5) on the 
other hand, there is the important fact that the recovery or self- 
purification of the river is fairly rapid as shown by the figures — 
for the oxygen absorbed at 4 mile down the river below the 
effluent outfall. Such purification is brought about partly by 
the rapid absorption of the dissolved oxygen from the air and 
which is being continually replenished, partly by the oxygen 
given off by aquatic plants under the influence of sunlight, and 
to some extent by the nitrates, when present in the effluent, 
which are produced from the oxidation of the sewage as it passes 
through the filter beds; and these influences come into action as 
oxidisers of the dissolved organic matters. It «should also be 
remembered that the river receives no further sewage pollution 
till it reaches Clayhithe, 1¢ miles below the effluent, where 
there is some contamination; but after that there is no 
pollution till the river reaches Stretham, 8 miles down. 
However, accepting the effluents as fairly representative, 
and without considering the rapid purification when they are 
mixed with the river, an increase in the volume of the river so 
that the ratio of the effluent and the river should be about 1 to 
20 in the summer, and about 1 to 25 in the winter, it is probable 
that the effluent discharged into the stream would satisfy the 
standards of the Royal Commission. It will be seen from the 
tables that the dilution of the effluent varied between 1 of 
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the effluent to 12 and 20 of the river water. It is obviously 
impossible to increase and maintain a larger volume of the river, 
even if it were desirable from other considerations; and, it 
cannot yet be decided whether it will be necessary to spend 
more money on a larger area of filter beds, until it is clearer 
that the additional settling tanks in course of construction and 
the beds now in use are giving their best results. For the 
present, it is more important to aim at the production of an 
effluent, which shall contain fewer suspended solids and consume 
less oxygen in five days. This can be accomplished by a more 
complete separation of the solids in the settling tanks, and the 
filtration of all the liquid through the beds. The various sections 
of the filter beds should always be kept in good condition by 
periodic scarifying, ploughing and resting, in order to break up 
the surface of the soil, and thoroughly rate the subsoil and the 
gravelly sand below. 

In connection with this investigation it is desirable to re- 

member that the disposal and purification of the sewage effluent 
is concerned with “the harm caused by allowing unpurified, or 
“imperfectly purified, sewage to flow into streams, thereby causing 
“the de-zration of the water of the river, and consequent injury 
“to fish; the putrefaction of organic matter in the river to such 
“an extent as to cause nuisance; the production of sewage fungus 
“and other objectionable growths; the deposition of suspended 
“matter, and its accumulation in the river bed or behind weirs ; 
“the discharge into the river of substances, in solution or 
“suspension, which are poisonous to fish or to live stock drinking 
“from the stream; the discoloration of the river; and the dis- 
“charge into the river of micro-organisms of intestinal derivation, 
“some of which are of a kind lable, under certain circumstances, 
“to give rise to disease” (5th Report of the Royal Commission 
on Sewage Disposal, p. 217). It has not yet been very closely 
concerned with the bacterial purification as distinct from the 
chemical purification. Like all effluents, the effluent from the 
Cambridge sewage farm is polluted with all kinds of bacteria, 
and is therefore potentially dangerous. It has been shown, for 
example, by Purvis and Rayner (loc. cit.) that the Bacillus coli, 
an intestinal bacillus found in the sewage effluent, can be traced 
down the Cam for at least four miles below the effluent outfall. 
Whether it will be necessary to sterilise sewaye effluents before 
they are discharged into streams is a question which has not yet 
received adequate attention ; but if a river, which is the receiver 
of sewage pollutions, is the source of supply of water for drinking 
purposes, it should undergo an elaborate system of bacterial puri- 
fication. The researches of Dr Houston, the Director of the 
Laboratories of the London Metropolitan Water Board, are of the 
greatest value in this direction. 
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Description of the Flora, etc., in the riwer Cam. 


During the sammer months, an abundance of aquatic vegeta- _ 
tion grows and flourishes in the river Cam. A long ribbon- 
shaped weed, the Sparganium sp., grows most profusely every- 
where across the whole bed of the river for miles above and 
below Cambridge. Where there are deposits of soft mud, 
especially below the sewage effluent outfall, Zannichellia palustris 
erows well, as does an imported weed Elodea canadensis. 
Conferve are also abundant, and grow well on the soft mud 
below the effluent outfall. 

From October to December the vegetation had almost entirely 
disappeared or it had been removed from the river bed. On 
several occasions shoals of live fish were seen both immediately 
above and below the outfall; and at no time from May to 
December were any dead fish seen below the effluent outfall. 


Mud Deposits from the Sewage Effluent in the river Cam. 


Deposits of black mud were found in patches below the 
effluent outfall. On December 8, before collecting the sample 
of river water at + mile below the outfall, two barges passing 
along the river stirred up a quantity of filamentous bacteria and 
sludge from the bottom. It could be traced along the whole 
4 mile below the outfall. The total solids in the sample taken at — 
4 mile below were estimated to be 9°4 grams per 100,000; and at 
4 mile below the cord to which the thermometer was attached in 
midstream became coated with a gelatinous deposit of masses 
of the same bacteria which had apparently been stirred up by 
the passing barges. Similar filamentous bacteria have been 
shortly described above as having been found in the effluent 
itself. 

We are indebted to Mr Lynch, the Curator of the Cambridge 
Botanic Gardens, for identifying the aquatic flora, and for supply- 
ing the meteorological data. 
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On Root Development in Stratiotes aloides L. with special reference 
to the occurrence of Amitosis in an embryunic tissue. By 
AGNES ARBER, D.Sc. (Lond.), F.L.S., formerly Fellow of 
Newnham College. (Communicated by Dr Arber.) 


(PLates VIII anp IX.) 
[Read 9 February 1914.] 


I. Introduction. 


On August 11th, 1910, I collected a few plants of the Water 
Soldier, Stratvotes aloides L., at Roslyn Pits, Ely, with the intention 
of examining them in connexion with a general study of water 
plants, on which I have been engaged for some time. On cutting 
sections of the stems, I noticed certain peculiarities in the 
young adventitious roots embedded in the tissues of the axis, 
the chief of which was the occurrence of apparent amitosis. 
These plants had merely been preserved in methylated spirit, with 
no idea of using them for cytological purposes, but in the following 
year (May 30th, 1911) a number of further examples from Roslyn 
Pits were dissected and fixed on the spot in Flemming’s strong 
solution, acetic-alcohol, and methylated spirit. In 1912, for the 
sake of having a control from some other locality, two plants were 
obtained from Perry’s Hardy Plant Farm, Enfield. Hand sections 
were stained with methyl green in 1°/, acetic acid, Ehrlich’s acid 
haematoxylin diluted with an equal volume of potash water, 
borax carmine, etc., while for microtome sections, Flemming’s 
triple stain and Heidenhain’s iron-alum haematoxylin were used. 
The hand sections, especially those stained with methyl green and 
mounted in dilute glycerine, were found on the whole to be the 
most favourable for the particular purpose. 

T have pleasure in expressing my indebtedness to the Committee 
of the Balfour Laboratory, where this work has been carried out, 
and also to my friend, Mr E. Aveling Green, who kept records for 
me of the rate of growth of the roots in the case of some plants of 
the Water Soldier cultivated in a pond in his garden. 

Before describing the observations on the nuclei which form 
the main subject of the present paper, I wish to draw attention to 
a few points concerning the general structure and development of 
the adventitious roots of Stratiotes aloides. 
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II. The Structure and Development of the Adventitious 
Roots of Stratiotes aloides L. 


The rosette of aloe-like leaves, which characterises the Water 
Soldier, arises from an abbreviated stem, which is represented in | 
radial longitudinal section in P]. VIII, Fig. 1. A series of adven- 
titious roots is shown, becoming progressively younger towards the | 
stem apex. They arise at the outer limit of the central vascular || 
region of the axis. | 

Van Tieghem and Douliot* describe the young root as 4 
enclosed externally in a digestive sac arising from the stem | 
endodermis, which is followed internally by a root-cap derived | 
from the pericycle. I cannot, however, confirm this description, | 
as it appears to me quite impossible to demonstrate that the | 
digestive sac is cortical and the root-cap stelar in origin, since no 
distinct endodermis and pericycle can be seen in the stem, and | 
there is also no visible distinction between root-cap and digestive 
sac in the root. My observations agree with those of Miss D. G. 
Scott+, who also failed to distinguish a root-cap and digestive sac, | 
and who reports that the endodermis of the stem, if present, could | 
not be determined. In the present paper I shall use the term 
“root-cap ” for the entire covering of the root apex (the outer part | 
of which functions as a “digestive sac” in passing through the. 
stem), without regard to the distinction drawn by Van Tieghem || 
and Douliot. | 

The piliferous layer is marked out extremely early. In the | 
youngest roots, which have not yet emerged from the stem | 
tissues, it is visible as a columnar layer rich in contents and with |) 
large nuclei, The same is true of the apical region of the long / 
roots. Near the root-tip, while it is still enclosed in the root-cap, ) 
the future root-hair cells are already marked out by their very) 
large size and relatively gigantic nuclei (PI. VIII, Fig. 3). Before : 
these cells begin to protrude outwards to form hairs they become ( 
considerably enlarged on the inner side, displacing the cells of the | 
layer internal to them. The cells of this layer divide more fre- | 
quently than the rest of the cortex, with the result that the base ( 
of the root-hair cell becomes enclosed in what may be described i 
as a jacket of small cells (7, Pl. VIII, Figs. 3 and 4). if 

In the mature root the cortex is sharply separated into two: 
regions, an inner region in which the cells are radially arranged 
and an outer region in which the cells, which are larger, are «| 


* Van Tieghem, Ph. and Douliot, H., ‘‘Recherches comparatives sur l’origine |} 
des membres endogénes dans les plantes vasculaires,” Ann. des Sci. nat., 7 set. 
Bot. T. 8, pp. 337, 338 and Pl. 36, Figs. 557—560, 1888. 

+ Scott, D. G., ““The Apical Meristems of the Roots of Certain Aquatic || 
Monocotyledons, > New Phyt., vol. v. p. 119, 1906. 1, 
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irregularly placed. The inner region is differentiated into a 

lacunar part which may be called the middle cortex, and a com- 

pact part to which the name of inner cortex may be confined. 
The lacunar zone is characterised by large air spaces separated by 
radial plates of cells, as a rule only one cell wide in the tangential 
direction. These radial plates are continuous with the radial files 
of cells which make up the inner cortex. The origin of the lacune 
is of some interest. The whole inner region of the cortex must be 
visualised as consisting of radially arranged plates, one cell wide, 
which in the early stages are so placed as to leave no spaces 
between. The cells composing the plates divide very rapidly, and 
a number of new cell-walls are formed, all in planes at right angles 
to the long axis of the root. The result is that each plate elon- 
gates in the direction of growth of the root, but, owing to the 
rapidity of its cell-divisions, the plates grow in length faster than 


| 
: 
| the rest of the root, and are thus forced into undulations, since 
| 


they become too long to retain their normal vertical position. The 
possibility of their taking up this sinuous form is due to the fact 
that the root enlarges in diameter and thus allows room for the 
separation of the plates. It will readily be seen that a series of 
plates, side by side, elongating independently, and at the same 
time prevented from stretching to their full length, will naturally 
become detached from one another at certain points, leaving spaces 
between. The result of these processes is that the middle cortex, 
aS seen in transverse section, consists of radial plates of cells, like 
_the spokes of a wheel, separated by lacunz, whereas in tangential 
section the plates are found to meet their neighbours at intervals 
so as to form a network (PI. VIII, Fig. 2). 

__ The structure of the mature root of Stratiotes aloides has been 
described by Van Tieghem and Douliot*. These authors must 
have selected an unusually small specimen for study, for they 
describe the root as pentarch, whereas I have found as many as 
eight protoxylem elements and about eight metaxylem vessels 
alternating with eight phloem groups, each consisting of one to 
three sieve-tubes with their accompanying companion cells. Lignifi- 
| cation is extremely slight; the metaxylem elements bear delicate 
‘Scalariform thickenings. 

| 


In young roots the embryonic vessels are represented by files 
of large elements with correspondingly large nuclei (PI. IX, Fig. 6). 
The young sieve-tubes are narrower in lumen than the young 
vessels. They consist, at an early stage, of segmented tubes, 
poor in contents and without nuclei. The segments are shorter 
_than in the case of the young vessels, and the partition walls are 
horizontal instead of oblique. The accompanying cells are not 
typical companion cells, since they are much shorter than the 

* Le. p. 337. 
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adjacent segments of the sieve-tube. Their horizontal walls bear 
no relation to those of the sieve-tube, showing that they have not 
been derived from the same mother-cell. 

Like those of so many water plants, the roots of Stratiotes im | 
their young stages are green in colour. The chlorophyll grains 
occur chiefly in the cortex, especially in its inner region, and | 
also very richly in the root-tip, both in the root-cap and internal | 
tissues. Starch occurs abundantly in the inner cortex. A small) 
quantity also occurs in the central cylinder, especially in the) 
developing vessels and sieve-tubes. 


. Ill. The Nuclev. 
(i) Observations. 

The young adventitious roots of Stratiotes aloides, while still | 
enclosed in the stem tissue or just emerging from it, show two | 
very marked cytological peculiarities—firstly, that the cells, : 
especially those of the root-cap and cortex, not infrequently ) 
contain more than one nucleus, and secondly, that the nuclei | 
themselves, both in the cortex and the stele, are often bilobed. | 
Multinucleate cells also sometimes occur in the adjacent tissues of | 
the parent stem. Pl. VIII, Fig. 5 shows one of the most extreme « 
cases I have observed, as regards number of nuclei. Here the | 
outer cells of the root-cap of a young root, and also certain cells 
of the stem cortex through which it was dissolving its way, are | 
characterised by numerous nuclei, one cell of the root-cap contain-. | 
ing at least 12. This case is however of minor interest, since the | 
tissues in question may well be held to be in a decadent condition, | 
but in the examples figured in Plate IX, the cells concerned belong } 
to the normal tissues of the leaf, root-cortex and root-stele, which | 
are still undergoing development. In Pl. 1X, Fig. 7 a, cells belong- - 
ing to the root cortex and containing more than one nucleus are ° 
shown, while Pl. 1X, Figs. 6 and 9 a—e represent lobed nuclei and | 
binucleate cells occurring in the xylem parenchyma and other! 
tissues of the central cylinder. Lobed nuclei are notably frequent 
in the cells immediately surrounding the vessels; in Pl. IX, Fig. 6, , 
three cases will be seen in which these xylem parenchyma elements 3 
were binucleate, while in one of these cells (~) each member of the » 
pair of nuclei was itself bilobed. Lobed nuclei and cells with more > 
than one nucleus are not confined to the root and the adjacent stem © 
tissue, but are also to be found, though comparatively rarely, im: 
the meristematic apical region of the stem and in the leaf (Pl. IX, , 
Figs. 8a and 6). In the latter organ they occur more frequently ' 
towards the base, where growth is presumably taking place, than | 
in the upper part where the tissues are mature. It is, however, , 
only in the young root that these nuclear peculiarities become a 
really conspicuous feature. i 
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Various instances of lobed nuclei have been described in the 

higher plants, especially among the Monocotyledons, but the case of 
“Stratiotes differs from all those previously recorded in two points— 
‘firstly, that the lobing 1s of a markedly regular and uniform type, 
and secondly, that 2 occurs, not only in the root-cap, which may 
well be regarded as a somewhat abnormal tissue, but also in the 
developing cortex and stele. 
_ The appearance of a lobed nucleus will be more clear! y under- 
stood by reference to Pl. [X, Figs. 6—9, than from description. It 
is better shown in Pl. IX, Figs. 7—9, which were drawn from hand 
sections, than in Pl. IX, Fi ig. 6, for which microtome sections were 
employed. In studying amitosis it is important to view the 
nucleus as a whole, but in microtome sections the knife is apt 
‘to mutilate it, and there is also more danger of distortion, owing 
to the necessary preliminary treatment and the heating in the 
‘paraffin. The result is that hand sections, though so little used 
in general cytology, become of special value in this particular 
case. A comparative study of the lobed nuclei, as seen in micro- 
tome and hand sections, shows that in almost every instance there 
is originally an indentation on one side only, the nucleus retaining 
its convex form on the opposite side and presenting the general 
appearance of a so-called “resting” nucleus (Pl. IX, Fig. 9e). The 
two lobes appear, at early stages, to be unequal in size, the one 
which contains the nucleolus “being the larger. At later stages 
the two lobes seem to become equalised, and the nucleus ultimately 
has the appearance of being almost bisected. There is generally 
a nucleolus in each lobe, due possibly to the division of the original 
‘single one, while sometimes a third occurs in the median plane 
i(ef. “the cell marked xin Pl. IX, Fig. 9a). The nuclei in the cells 
marked y, y’, « and z in Pl. IX, Fig. 6 show different stages in the 
lobing of the nucleus, and similar stages can be followed in Pl. IX, 
i Big. 9. Occasionally two nuclei are seen lying closely side by side 
as if one of the lobed nuclei had just separated completely into two 
(PL IX, Fig. 9c). 
— (1) Interpretation. 
_ The first questions which arise, in considering the observations 
recorded above, are whether the phenomenon which I have de- 
‘scribed as “lobing” of the nucleus is natural or artificially induced, 
and, if it is natural, whether it is normal or pathological. I think 
‘we may conclude that it is natural, since I have observed it in 
‘material fixed in methylated spirit, acetic alcohol, and Flemming’s 
ne solution. It has however been suggested to me that it may 
be an abnormality, possibly due to the poisoning of the roots during 
life by some substance present on the water, such as marsh gas. 
This ; is, of course, conceivable, but it seems to me unlikely. It is 


} 
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true that Miss Kemp* has shown that nuclei of abnormal shape 
may be produced experimentally by poisoning young roots, but the 
results are far from being so uniform and regular as those just 
described for Stratiotes. The plants in which I have observed the 
lobing of the nuclei were obtained from two different localities 
in three different years; it is scarcely likely that identical toxic 
effects would occur independently in three sets of material, which, 
in each case, appeared to be quite healthy. It should also be 
remembered that the young adventitious roots, in which the 
multinucleate cells and lobed nuclei were observed, were still more 
or less completely embedded in the stem tissues of the parent, 


and thus presumably protected to some extent from adverse | 


external conditions. 

The presence, in the young roots of Stratiotes, of nuclei 
bilobed in various degrees, and also of certain cells containing 
more than one nucleus, seems to indicate that the lobing cul- 
minates in complete bisection. I believe that this is the case, 
and that amitosis takes place; I am inclined to go further and 
to think that these amitoses may be followed directly, or after 


an interval, by cell-wall formation, and that amitosis thus actually 


i I 9 EL OE 


plays a part, supplementary to karyokinesis, in the development — 


of the embryonic root of Stratiotest+. It is naturally almost im- 
possible to prove that cell-walls are formed in connexion with 
these direct nuclear divisions, but I have more than once seen 


appearances decidedly suggestive of such an occurrence. The © 


fact also that, in the young roots, bilobed nuclei are much more 
frequent than multinucleate cells, and, again, that the mature 


roots are not characterised either by bilobed nuclei, or by a number ~ 


of multinucleate cells corresponding with the numerous bilobed 


nuclei seen in the younger stages, is difficult to explain unless » 
wall formation has occurred between daughter nuclei formed by — 
direct division, for there is no evidence that any nuclei are — 


resorbed. 
It is, in the nature of the case, very difficult, if not impossible, 
to offer a convincing proof of the contention that amitosis plays 


an active part in the growth of the young roots of Stratotes, | 
and I have hence allowed more than four years to elapse since ~ 
I made my first observations on the subject, as I felt reluctant 
to put forward such a heretical opinion in any haste. I am aware — 
that cytologists may prefer to regard the occurrence of these lobed 

nuclei as a mere meaningless anomaly. However, each time that — 


* Kemp, H. P., ‘‘On the Question of the Occurrence of ‘ Heterotypical Re- 


duction’ in Somatic Cells,” Ann. Bot., vol. xxiv. p. 775, 1910. 
+ I have observed a nucleus dividing by karyokinesis in a section of a root-stele 
in which lobed nuclei also occurred. 
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TL have returned to the subject, my original impressions have been 

strengthened, and I think it is perhaps now advisable to publish 

a preliminary account of my conclusions in the hope that they 
may receive confirmation or correction from other workers. 

It has been suggested to me that, even if the facts are as I 
suppose, it is not necessary to regard this form of nuclear division 
as genuine amitosis, but that it may be interpreted as a masked 
form of karyokinesis, due to incomplete separation of the chromo- 
somes. I think this view is somewhat strained, and would be 
difficult to accept in any case, but in regard to Stratrotes it is 
certainly untenable. It could only hold good if the chromosomes 
were few and large, whereas in this plant they are small and 
numerous. This point can readily be observed in the case of the 
nuclei dividing by normal karyokinesis, which are frequently to 
be found in the root-tips. 

The remarkable difference in size between the ordinary vege- 
tative nuclei and those of the young root-hair cells and vessels 
(cf. Pl. VIII, Figs. 3 and 4, and Pl. 1X, Fig. 6) suggests that the 
nuclei of Stratiotes aloides are unusually plastic,—thus partaking 
in the general plasticity which is so marked a feature of water 
plants, and which has probably been a primary factor in de- 
termining the possibility of any particular group or species 
adopting the aquatic habit. Assuming that amitosis does actu- 
ally occur in the young roots, we may, I think, interpret it as 
a special adaptation to the unusual requirements of the species. 
It is well known that the young plants of the Water Soldier, 
produced at the ends of stolons arising from the parent rosette, 
pass the winter at the bottom of the water and rise to the surface 
in the spring or early summer. Roots are not needed so long as 
the plant is submerged, but, when it rises to begin its floating 
phase, a quantity of remarkably long roots are produced with great 
rapidity. The use of these very long roots is probably to maintain 
the equilibrium of the rosette. 1 noticed, in the case of two 
plants which I’cultivated, that the loss of their roots, through the 
depredations of water-snails, deprived them of all power of keeping 
upright in the water, so that they were generally to be found 
floating on their sides. The young plant rises to the surface in 
the form of a rosette, not, as in the case of the related Hydrocharis, 
in the form of a compact winter-bud; being, as it were, full- 
fledged, it requires its roots at once. That the growth of the 
roots is unusually rapid is proved by some measurements which 
Mr Aveling Green has kindly taken for me. He kept records, 
during part of July and August 1911, of the growth of eleven 
roots belonging to three plants of Stratiotes alozdes cultivated in 
a pond in his garden, and several times observed an increase of 
over 2 inches in 24 hours; on one occasion, even 2% inches was 
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recorded. The tentative suggestion which I wish to bring forward 
is that amitosis has been adopted in the young roots of Stratiotes 
as a means of very rapid nuclear multiplication*, which supple- 
ments karyokinesis and thus renders possible a period of extremely 
rapid growth. It may, further, in this case be associated with the 
somewhat peculiar conditions under which the young roots de- 
velope. Owing to the corm-like form of the short main axis of the 
plant, the adventitious roots arise at some little depth from the 
surface and have to force their way for an appreciable distance 
through solid cortical tissue (P]. VIII, Fig. 1), which must act as a 
temporary check upon their expansion. Luxuriant growth-activity 
is a well known characteristic of water plants, but under the con- 
fined circumstances in which the adventitious roots of Stratiotes 
aloides are initiated, this energy of development does not seem 
to find an adequate outlet in actual increase in size. It is perhaps 
conceivable that it may be temporarily diverted into other channels, 
and find its expression in amitosis. 


IV. On the Significance of Amutosis. 


Amitosis, or direct nuclear division, seems to be generally 
regarded at the present time as a degeneration process, at least 
where it occurs among the higher plants. This, which we may 
describe as the orthodox view, has been championed by Stras- 
burgert, who held that karyokinesis and “ fragmentation” were 
two entirely different processes, the former taking place under the 
influence of the surrounding protoplasm, and the latter occurring 
when the influence of the protoplasm was on the wane, so that the 
nucleus “seinen eigenen Gestaltungstrieben folgen kann{.” He 
stated that he knew no case in which cell division followed 
amitosis, which he regarded as a phenomenon of senility. The 
same view has been taken by Zimmermann§ and other writers. 
Johow||, on the contrary, who was the first to point out that 
amitosis is a wide-spread phenomenon among Monocotyledons, 
protests against the use of the word “fragmentation ” on account 
of its pathological implication. It was Johow who drew attention 
to the pith cells of Tradescantia which are now so widely used for 
teaching purposes to illustrate amitotic nuclear division, and he 


* Cf. Shibata’s work on amitosis in mycorhizal tubercles, referred to in the next 
section of the present paper. ; 

+ Strasburger, E., ‘‘Kinige Bemerkungen itiber vielkernige Zellen und iiber die 
Embryogenie von Lupinus,” Bot. Zeit. 1880, p. 845 ete. (See also Ibid., ‘‘ Die 
Ontogenie der Zelle seit 1875,” Progressus Rei Bot., Bd. 1. Heft 1., p. 22 ete., 1907.) 

+ Lc. p. 852. 

§ Zimmermann, A., ‘‘Die Morphologie und Physiologie des pflanzlichen Zell- 
kernes,” p. 49, Jena, 1896. 

|| Johow, F., ‘‘ Untersuchungen iiber die Zellkerne in den Secretbehaltern und 
Parenchymzellen der héheren Monocotylen,” Inaug. Dissert., Bonn, 1880. 
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| remarks on the fact that these cells, though advanced in age, still 


retain their living, streaming protoplasm, and include chlorophyll 


and starch. 


Some very remarkable results bearing on the meaning of 


amitosis have been obtained in connexion with the study of 


mycorhiza. Werner* showed that in the case of certain cells 
of infected roots of Listera and Orchis there is a kind of fragmen- 
tation which is not a dying condition, but a special adaptation in 


-an actively working nucleus. Shibata} also, who studied the 
-mycorhizal tubercles of Podocarpus, demonstrated that in the 


infected cells, which are digesting the fungus, the nuclei divide 
repeatedly by amitosis. This is not a death phenomenon, but 


must be regarded as a rapid means of nuclear multiplication. 


After the digestion of the fungus is ended, normal karyokinetic 
figures can often be seen in the multinucleate tubercle cells, 


) showing that the nuclei, after repeated amitotic divisions, still 
retain the power of dividing by mitosis. I am not aware that 
these results of Shibata’s have actually received confirmation 


from more recent workers, but, if they are correct, they are of 


fundamental importance, since it 1s scarcely possible to reconcile 


them with the theory of the permanence of the chromosomes— 
a theory which already shows symptoms of crystallismg into a 
dogma. 

The amitosis in the cortex and stele of Stratiotes aloides, 
described in the present paper, seems to be unique among re- 
corded cases in respect of the immature condition of the tissues in 
which it has been observed. It lends support to the view that 
amitosis is by no means always a senile phenomenon—a view 
which has, in recent years, been upheld by certain zoological 
writers{. This opinion has hitherto received little acceptation 
on the botanical side, perhaps because the attention of cytologists 
has been, of late, so closely riveted upon karyokinesis and, more 
particularly, meiosis, that other phases in the life of the nucleus 
have suffered comparative neglect. 


* Magnus, W., ‘‘Studien an der endotrophen Mycorrhiza von Neottia Nidus 
avis L.” Jahrb. f. wiss. Bot., vol. xxxv. p. 205, 1900. 

+ Shibata, K., ‘‘Cytologische Studien tiber die endotrophen Mykorrhizen,” 
Jahrb. f. wiss. Bot., vol. xxxvit..p. 643, 1902. 

+ See for instance Child, C. M., ‘‘ Studies on the relation between Amitosis and 
Mitosis,” Biol. Bull., Woods Holl, Mass., vols. 12 and 13, 1906 and 1907; Glaser, 
O. C., “A statistical study of Mitosis and Amitosis in the Entoderm of Fasciolaria 
tulipa var. distans,” Biol. Bull., Woods Holl, Mass., vol. 14, p. 219, 1908; Walker, 
C. E., The Essentials of Cytology, London, 1907, p. 30; Foot, K. and Strobell, E. C., 
*‘Amitosis in the Ovary of Protenor belfragei and a Study of the Chromatin 
Nucleolus,” Archiv f. Zellforschuwng, Bd. vu. p. 190, 1912. 
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V. Summary. 


In the present paper an account is given of certain features 
in the general development and the cytology of the adventitious 
roots of Stratiotes aloides L., which may be briefly summarised as 
follows :— 


A. Anatomical Results. 


(i) The apex of the young adventitious root is clothed ina 
uniform cap of tissue, in which no distinction can be recognised 
between a pericyclic root-cap and an endodermal digestive sac, 
In this respect the results agree with those of D. G. Scott, and are 
opposed to those of Van Tieghem and Douliot. 

(ii) The origin of the lacunz of the middle cortex is shown to 
be due to differences in the rate of growth of the different tissue 
regions of the root. 


B. Cytological Results. 


(i) The nuclei of the young vessels and of the young root 
hairs are shown to be relatively of great size—a feature which 
possibly indicates unusual plasticity in the nuclei of this plant. 

(ii) In the stem and leaf, bilobed nuclei and cells with more 
than one nucleus are shown to occur, but this peculiarity is much 
more important and conspicuous in the young adventitious roots 
where it occurs in the root-cap, cortex and stele. These observa- 


tions have been made upon plants collected in 1910, 1911 and 


1912 from two different localities. It is suggested that amitosis 
supplements karyokinesis in the early development of the adventitious 
roots. The behaviour of the nuclei is considered in relation to 
the life-history of the species, and the paper concludes with a brief 
discussion of the significance of amitosis. 


EXPLANATION OF PLATES. 


Prate VIII. 
Stratiotes aloides L. 


Fig. 1. Semi-diagrammatic sketch of a stem, as it appears in 
August, bisected longitudinally. (v.c. = vascular central region of stem; 
c.=stem cortex; J.t.=leaf trace; /.=leaf; fb. = young stolon; s.= 
squamula intravaginalis ; r. = adventitious root.) (Nat. size.) 

Fig. 2. Tangential section through the middle cortex of a young 
root to show the origin of the lacune (/ac.). (x 318.) 
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Fig. 3. Edge of a transverse section through a root near the apex 
to show the relatively large size of the nucleus (r.h.n.) in a cell which 
is destined to form a root hair. One layer of dying root-cap tissue (r.c.) 
remains outside the piliferous layer (p./.). The base of the root-hair 
cell is enclosed in a jacket of small cells (j.). (x 318.) 

Fig. 4. Edge of a transverse section between 1 and 2 cms. from 
the apex of a root for comparison with Fig. 3 (on a smaller scale). No 
root-cap tissue is present, and one cell of the piliferous layer (p.l.) has 
begun to grow out into a root hair. The jacket of cells (j.) at the base 
of the root hair has become more conspicuous. (x 198.) 

Fig. 5. Small part of a longitudinal section of an adventitious 
root embedded in stem tissue, to show multinucleate cells in the root- 
cap (7.c.) and in the stem cortex (c.). The arrow indicates the 
direction of the root-apex. S.=space between root-cap and stem tissue 
which contains nuclei and other remains of disintegrating cells (d.). 


(x 318.) 


Prate IX. 


Stratiotes aloides L. 


Fig. 6. Part of the stele from a longitudinal section of a young 
adventitious root of a plant collected August 11th, 1910, passing through 
two embryonic vessels (v.) and their associated parenchyma cells («.p.), 
many of which have lobed nuclei. In the cells marked y, y’, x and 2, 
different stages of amitosis can be observed, while the cell marked a is 
also an example of a binucleate cell. Drawn from three successive 
microtome sections. (x 318.) 

Fig. 7a. Cells of the outer cortex containing more than one 
nucleus, from a transverse section of a young adventitious root. 

x 318. 
ie 7b. A cell of the outer cortex containing a lobed nucleus from 
a longitudinal section of an adventitious root. (x 318.) 

Figs. 8a and 6. A binucleate cell and a lobed nucleus from a 
longitudinal section of the base of a leaf. (x 318.) 

Figs. 9a—d. Parts of the stele from a transverse hand section of a 
young adventitious root of a plant collected August 11th, 1910, showing 
lobed nuclei in the pericycle and stelar parenchyma, and, in 9¢, a case 
of actual division of the nucleus in a xylem parenchyma cell. (x 900.) 

(c. = cortex; e.=endodermis; p.=pericycle; px. =? protoxylem ; 
v. =metaxylem vessel; s.t.=%sieve tube.) 

Fig. 9e. Two lobed nuclei from a transverse section of the stele of 
a young root, showing the lobing in greater detail. (x 900.) 
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Amitosis in the Parenchyma of Water-Plants. By R. C. M°LEan, 


B.Sc., Lecturer in Botany at University College, Reading. — 


(Communicated by Professor Seward.) 
[Read 9 February 1914.] 


It is desired to record the observation that the amitotic or 
direct process of nuclear division commonly occurs in the cortical 
parenchyma of aquatic angiosperms. 


The phenomenon was first noticed in Myriophyllum proser- — 


pinacoides and afterwards in Hippuris vulgaris. This suggested 
that it might be characteristic of aquatics, and several other 


f 


A 
vs 


species, both Dicotyledons and Monocotyledons, were investigated 


from this point of view, with the result that a wider distribution 
of the phenomenon was discovered than had been presupposed 
to be the case. The transverse section of the stem-internode of 
Myriophyllum exactly resembles a wheel in its general outline. 
The hub is formed by the stele, which consists of a central mass 
of pith, around which lie a small number (six or seven) of vascular 
bundles which are simply collateral, neither xylem nor phloém 
being strongly developed, while around all this lies a well-marked 
endodermis. The cortex consists of three parts, an inner zone, 
enclosing the stele, an outer zone immediately under the epidermis, 
forming the rim of the wheel, and an intermediate zone which 
consists of long strands of parenchyma—the spokes of the wheel, 
which separate the large air-lacunae from one another. It is in 
the innermost zone, that immediately surrounding the stele, that 
amitosis 1s most easily observed, although it has been seen in the 
outer cortical zone and in the trabeculae between them as well, 
only more seldom. In these latter cases the nuclei show the 
common spheroidal form. In Hippuris the stele is central as in 
Myriophyllum, but the cortex shows only one zone, consisting of a 
wide zone of reticulate trabeculae surrounding numerous large air- 
lacunae. Of all the plants so far examined, Hippuris shows the 
phenomenon more clearly and more widely spread in the tissues 
than any other. 

In order to see the nuclei well it is best to use fairly thick 
sections, transverse or longitudinal, which include at least the 
thickness of one whole layer of parenchyma cells. These may 
then be observed unstained in glycerine, or stained carefully with 
carbol-fuchsin, acetic acid, methyl-green, or other direct acting 
nuclear stain. If the chloroplasts take the stain it will be difficult 
to distinguish the nuclei among them. 

The general distribution of amitosis in the tissues follows the 
general distribution of growth. Cells showing it are commoner in 
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young stems than in older ones; they are much more frequent in 
sections taken close to a node than in those taken about the middle 
of the internode. They are also more frequent in the inner zones 
of the cortex, and the frequency diminishes towards the periphery 
of the stem. 

The appearances presented are somewhat peculiar. Irregu- 
larity of outline is a well-known characteristic of nuclei in amitosis 
and these are no exception to the rule. The prevailing form, 
however, is an elongated spindle-shape, often twisted until it 
appears sigmoid. Sometimes the nuclear outline is amoeboid, 
the nucleus appearing to send out pseudopodia, its own diameter 
or more in length. These pseudopodia are distinctly acute and 
taper off insensibly into the cytoplasm. They are not mere lobes. 


Paired nuclei in cortical cells of Hippuris vulgaris. In all cases the 
two nuclei lay in the same focal plane. x 240. 


So common is the sigmoid form, resembling in outline the diatom 
Pleurosigma, that even when stages of actual amitosis are not 
found the existence of amitosis may be inferred from the nuclear 
form in the tissue under observation. Sometimes the length 
of these nuclei is as much as ten or twelve times their diameter. 

It must be noted in conjunction with the last remark that cell- 
division does not follow nuclear division for some time, so that the 
sigmoid forms above referred to are almost always to be found 
associated together in pairs in the same cell. Rarely three may 
be met with in one cell, and not infrequently the nuclei in each 
pair may be twisted round one another, although not in any way 
united, recalling the appearance presented by the alga Raphidium 
which both resembles these nuclei in form and in the way which 


382 Mr M*Lean, Amitosis in the Parenchyma of Water-Plants. 


they twist round one another. Apparently the separation of the 
nuclei from one another after division is very slow. Large and 
conspicuous nucleoli are always present, either one or, occasionally, 


two in each nucleus. The nucleolus sometimes causes a bulging-— 


out of one side of the fusiform nuclei. 

Stages in the actual separation of the two daughter-nuclei may 
be observed. No constriction is formed, but the process proceeds 
like the longitudinal fission in the Flagellata, from end to end, by 
gradual separation of the two daughter-nuclei. Amitosis is the 
only form of nuclear division which has been recognized in the 


tissues investigated, and from its exceeding frequency in the 


constituent cells it may be inferred that it is the only form 
occurring there. 

Besides the two plants—Myriophyllum and Hippur1is—men- 
tioned above the following plants show the same phenomena in 
their cortical tissues. 


Dicotyledons Monocotyledons 
Trapa bifida. Elodea canadensis. 
Jussieula sp. Potamogeton lucens. 
(Hippuris). Limnocharis sp. 
(Myriophyllum). Aponogeton sp. 


All the above are aquatics, but two land plants have also been 


noted as showing resemblances to the aquatics in the above - 


respects. These are Dionewa muscipula and Polypodiwm «reordes. 
The first is of course a marsh plant, but the second is an epiphyte, 
and as far removed from an aquatic as may well be. This suggests 
that the phenomena of amitosis in plants may well be much more 
widespread than has hitherto been supposed, and opens up a new 
field for thought in regard to its theoretical importance in cytology. 
It is generally admitted that amitosis represents only a fragmen- 
tation rather than a qualitative division of the nuclear substance, 
and that the complex phenomena of mitosis are adapted to the 
segregation of the histogenetic characters resident in that sub- 
stance. Mitosis should therefore be the characteristic form of 
nuclear division in tissues which are undergoing ontogenetic 
growth. If, however, growth continues in a tissue which has 
already become fully differentiated, it is hard to see what further 
need there is for mitosis to take place. Amitosis may therefore 
be the constant form of nuclear division between sister-cells in all 
fully differentiated tissues which remain alive and continue to 


grow in bulk, although this does not preclude the possibility of its 


occurrence in meristematic tissues as well. 


| 
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The History of the occurrence of Azolla in the British Isles 
and in Europe generally. By A. S. Marsu, B.A., Trinity 
College. (Communicated by Professor Seward.) 


[Read 9 February 1914.] 


In the middle of October 1913 a species of Azolla was found 
in Jesus Ditch, Cambridge, by Mr H. Jeffreys of St John’s 
College. Mr Moss called my attention to the fact, and at his 
suggestion and with his frequent kind assistance I have identified 
the species and collected a few notes on the distribution of plants 
of this genus in Europe generally and the British Isles in 
particular. 

The Cambridge plant I found to be Azolla filiculoides Lam. 
It was growing among the Lemna, but two or three large patches, 
several metres broad, bore Azolla almost pure, the dull brownish 
colour of the plant as seen in large masses showing up markedly 
against the bright green of the duckweed. When first found 
the plants seemed to be without reproductive organs, but on 
November 2nd it was bearing micro- and macro-sporocarps in 
some quantity. On November 26th, after several sharp frosts, 
the Azolla was growing vigorously, still with sporocarps, and had 
spread over larger areas, at the eastern end of the ditch becoming 
the dominant species of the aquatic vegetation. At the present 
time (February 9th) it is very abundant, but very red in colour 
and broken up into small pieces. 

As to means of introduction of this fern into Cambridge we 
are completely ignorant. The nearest of the previously recorded 
stations is the Norfolk Broads area, while the obvious suggestion, 
that we are dealing with a Botanic Garden escape, is untenable, 
since there was before this discovery no Azolla except A. caroliniana 
being grown at the Cambridge Botanic Garden. 

Azolla, according to Baker*, is a genus with five species 
inhabiting the tropics and warm temperate regions of both hem1- 
spheres. Of these species two have been introduced into Kurope, 
and both occur in the British Isles. These two are A. caroliniana, 
which occurs native in America from Lake Ontario to Brazil, and 
A. filiculoides, from South America. 

The characters of these two species have been well summed 
up in two recent papers on the occurrence of A. filiculoides in 


* Baker, Fern Allies, p. 137, London, 1887. 

+ The distributions are as given in Coste, Flore de France, 1. pp. 702, 703, 
Paris, 1906, and Ascherson u. Graebner, Synopsis der mitteleuropdischen Flora, 
I. p. 114, Leipzig, 1896. 
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Europe, and from the accounts of these authors (viz. Bernard* and | 


Béguinot and Traverso+), from Baker{ and from von Martius§, 
the following details of the principal differences between the 


species are taken. 5 | 


Azolla _filiculoides (Lamarck, Encyclopédie Méthodique: 


ae 


Botanique, T. 1. p. 343 and plate 863, 1783). The plants are 


in dense tufted masses, the ends of the shoots being porrect and 


often protruding, not lying flat on the surface of the water as in . 


the other species. The whole shoot is much larger and thicker, 


the branching is more compound and the branches are closer ° 
together. The upper lobes of the leaves have a broad distinct | 
margin and bear numerous unicellular trichomes on their upper ° 
surfaces. The reproductive organs show the most distinctive © 


characters. The glochidia or hooked hairs which are attached to 


the massule or microspore masses have non-septate stalks. The » 


macrospore wall is furnished with large, deep, circular pits. 
Azolla caroliniana (Willdenow, Species Plantarum, V. p. 5441, 
1810). The plants are much smaller with much less dense branch- 
ing. They lie flat on the surface of the water. The roots are 
not aS numerous or as conspicuous as in A. filiculoides. The 
margin of the upper leaf lobe is not as broad as in the other 
species, and the trichomes of the upper surface are said to be 
bicellular, though I have not been able to observe this character 
satisfactorily. The glochidia have 3—5 transverse septa in the 


stalk, and the macrospore wall is not pitted but merely finely . 


granulate. 

The history of the genus in Europe began in 1872, when 
A. caroliniana was introduced into continental botanic gardens, 
whence it soon escaped into neighbouring ditches and ponds, and 
multiplied enormously. In 1878 De Bary described it as a “new 
water-pest”” in Kassel, and in 1885 it was very abundant at 
Leyden and Boskoop in Holland||. It was also found at Bonn, 
Giessen {] and Strassburg in 1885, and in Berlin in 1887**. In 


Bohemia it was found by Celakovsky near Pilsen in 1895, and it 
had spread much earlier into England (1883), France (1879) and 
Italy (1886) tf. . 


* Bernard, Recueil des Trav. Bot. Néerland., 1. pp. 1—14, 1904, quoted in the 
Report of the Botanical Exchange Club for 1912, p. 186. 
+ Béguinot e Traverso, ‘‘Azolla filiculoides Lam. nuovo inquilino della flora 
italiana,” Bull. Soc. Bot. Ital., pp. 143—151, 1906. + Baker, loc. cit. 
§ von Martius, Flora Brasiliensis, vol. 1. part 1. p. 657, plate 82, Leipzig, 1884. 
|| Kittel, Gartenflora, 1885. 
{| Dosch u. Scriba, Excursionsflora Hessen, 3° Auflage, p. 24. 
** Luerssen, Farnpflanzen, p. 598. 
++ This account is taken chiefly from Ascherson and Graebner, loc. cit., but see 
also Saccardo, Cronologia della Flora Italiana, Padova, 1909; Ibid., ‘De diffusione 
Azolle caroliniane per Europam,” Hedwigia, 1892, p. 217; Béguinot and Traverso, 
loc. cit., where many additional references are given. 
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In England A. carolinianu was first obtained at Pindon 
(Middlesex), and an account of this is published in Science Gossip 
for 1883. It has been recently reported from various spots in the 
Thames valley, between Oxford and London, but it must be 
remembered that until Ostenfeld* pointed out the fact in 1912 
(from specimens found in 1911) it was not realised that we had 
any Azolla other than A. caroliniana. For instance, Druce + 
(1908) gives only one species, A. caroliniana. The following 
records for the British Isles have been published, though, until 
the material has been re-examined in the light of Ostenfeld’s 
discovery, they must be considered records an the genus rather 
than for the species. Azolla described as A. caroliniana has been 
found at Hayes Place (Kent), Oxford, Sonning, Henley, Enfield, 
‘Sunbury and Suleham{. Of these I have been able to examine 
material from Sunbury and Enfield kindly sent by Mr C. E. Britton. 
The Sunbury plant is A. filiculoides, the Enfield specimen A. caro- 
Tiniana. Another Azolla from Enfield was sent by Mr Holloway, 
but this was A. filiculoides. The Norfolk Azolla, which is good 
A. filiculoides, has also been several times referred to as A. caro- 
Tiniana. I have seen A. caroliniana from one other British locality, 
viz. Godalming, where it was found in 1913. 

__ The species is described by Ascherson and Graebner (1896) 
as fruiting only very rarely, they knowing of only one case of fruit 
being produced in Europe—a record from Bordeaux. No fruiting 
tmaterial has been found in the British Isles, although fruiting 
A. filiculoides has more than once been described under the wr ong 
‘specific name. 

_ Azolla filiculoides was introduced into Europe in 1880 by 
Roze§, who naively remarks, “Le climat de Bordeaux parait, du 
este, assez bien convenir 4 ces deux especes américaines, car 
quelques poignées de la premiere [A. carolimand | en 1879, et de 
la seconde [A. filiculoides| en 1880, jetées ga et 1a dans les fossés 
des marais de cette ville, ont donné naissance & une légion in- 
nombrable de ces plantes, qui ont envahi presque tous les fossés, 
tnares et étangs du département de la Gironde.” 

i It spread over many parts of France and then into other 
‘countries. In 1896 Ascherson and Graebner knew of it only in 
‘western and northern France. In 1900 it had reached Italy ||. 
| In the British Isles A. filiculoides was first noticed as a distinct 


* Ostenfeld, ‘‘Floristic Results of the International Excursion,” New Phyt. x1. 
jp. 127, 1912. 
| t Druce, List of British Plants, p. 88, Oxford, 1908. 


+ Reports of the Botanical Te anee Club, 1910, p. 609; 1911, p. 56; 1912, 
pp. “186, 220; Journal of Botany, xu. p. 113, 1902; xuvuit. p. 332, 1910. 

§ Roze, “Contribution a l’étude de la fécondation chez les Azolla, ” Bull. de la 
Sac. bot. de France, xxx. p, 198, 1883. 

|| Saccardo, Cronologia, loc. cit.; Béguinot e Traverso, loc. cit. 
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species by Ostenfeld * in 1911, who found it at Woodbastwick, 
Norfolk, and at Queenstown Junction, Co. Cork. It was, however, 
present in this country before that time. The Sunbury record of 
A. caroliniana in 1910+ should certainly be ascribed to the other 
species, while the Azolla was noticed in the Norfolk Broads} 
before Ostenfeld’s identification. 

I have also seen fruiting specimens of A. filiculoides found in 
1912 at Almondsbury, West Gloucestershire, and kindly sent me 
by Miss I. M. Roper. The same species now ocenrs at Reading, 
where it is peculiar in being without the endophytic blue-green 
alga, Anabena, which usually inhabits the cavity of the upp 
leaf-lobe. 

At present A. filiculoides seems to be growing in importa 
as a constituent of British vegetation, for, as the result of the 
floods of 1912, it has been distributed over large areas in Norfolk. 
It is described as occupying a definite position as a member of the 
association of Typha angustifolia, especially in South Walsham and — 
Ranworth Broads §. 

A. filiculoides fruits quite readily in Europe. Both the 
specimens found by Ostenfeld were fruiting, the Almondsbury 
and the Sunbury plants were in fruit, and I obtained fruit last 
autumn, not only from Cambridge but, by the kindness of | 
Mr W. E. Palmer, of St John’s College (the author of the 
article in Nature), also from Norfolk. Ascherson and Graebner | 
also describe it as a freely fruiting species. 

In conclusion, I should like to suggest that it is of some 
importance to keep a look-out for Azollas in the British Isles as, _ 
in the event of their becoming important factors in our vegetation, 

as full a knowledge as possible of their early history in the country — 
would be of great interest and value. 


* Ostenfeld, loc. cit.; Report of the Bot. Hach. Club for 1912, pp. 220, 301. 

+ Rep. Bot. Exch. Club for 1910, p. 609; Journ. Bot. xuviit. p. 332, 1910. 

+ Rep. Bot. Exch. Club for 1910 and 1911, loc. cit. 

8 Palmer, ‘‘Azolla in Norfolk,” Nature, xc1t. p. 233,1913. The plant is wrongly 7 
named A. caroliniana, but I have seen fruiting specimens, which prove it to be : 
A. filiculoides. 

|| Loe. cit., p. 115. 
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A Simplification of the Logic of Relations. 


By N. WIENER, Ph.D. (Communicated by Mr G. H. Hardy.) 
[Read 23 February 1914.] 


Two axioms, known as the axioms of reducibility, are stated on 
page 174 of the first volume of the Principia Mathematica of 
Whitehead and Russell. One of these, *12°1, is essential to the 
treatment of identity, descriptions, classes, and relations: the 
other, *12°11, is involved only in the theory of relations. +*12:11 
is applied directly only in 

*20°701°702'703 and *21:12°13:151:3°'701-702°703. 
It states that, given any propositional function ¢ of two variable 
individuals, there is another propositional function of two variable 
individuals, involving no apparent variables, and having the same 
truth-value as @ for the same arguments, or in symbols: 


Fis) $(@ y)-=-f1@ y). 

In *20 and *21:701°702'703 all that is done with *12°11 is to 
extend it to cases where the arguments of ¢ and fare classes and 
relations: *12°11 is essential to the development of the calculus of 
relations only owing to its application in *21:12:13:151'3. Here 
it is needed to make the transition between the definition of a 
binary relation and its uses. This is due to the fact that a binary 
relation itself is not defined, but only propositions about it, and 
*12:11 is needed to assure us that these propositions about it 
behave as if there were a real object with which they concern 
themselves. The authors of the Principia wish to treat a binary 
relation as the extension of a propositional function of two 
variables: that is, when they speak about the relation between « 
and y when ¢(2, y), they mean to speak of any propositional 
function which holds of those values of # and y, and only those 
values, of which ¢ holds. Now, as it leads one into vicious-circle 
paradoxes to speak directly of “any propositional function which 
holds of those values of « and y, and those only, of which ¢ holds,” 
they first define a proposition concerning the relation between # 
and y when ¢$(a, y) as a proposition concerning a@ propositional 
function involving no apparent variables which holds of « and y 
when and only when ¢(a, y). Then they need to use *12°11 
to assure us that, whatever ¢ may be, there always is some such 
propositional function. Now, if we can discover a propositional 
function of one variable so correlated with @ that its extension 
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is determined uniquely by that of $, and vice versa—if, to put it : 
in symbols, when w’ bears to ¢’ the same relation that ~ bears 
to d, k:.d' (4, y)- =zy+ 9 (@ y)i =: Wa.=, . ya—, we can entirely ~ 
avoid the use of *12°11, and interpret any proposition concerning 
the extension of @ as if it concerned the extension of yw; for the 
existence of the extension of a propositional function of one 
variable is assured to us by *12:1, quite as that of one of two 
variables is by «12:11. Now, is such a w the propositional 
function 
(qa, y)» O(a, y) a= UCU Vv UA) VLU. > 
For it is clear that for each ordered pair of values of # and y there — 
is one and only one value of a, and vice versa. On the one hand, 
as U(u't'a U UTA) is determined uniquely by «, and 1‘0‘t‘y is deter- 
mined uniquely by y, u“(e“esa v LA) v LUu’y is determined uniquely 
by # and y. On the other hand, if 
(Uefa V UA) vu UUsity = UU Sz U UA) Uw, 

either Ufufy = Uz UV UEA or Uuty=U'tfw. The former supposition 
is clearly impossible, for, as efz + A, life v USA is not a unit class. 
From the latter alternative we conclude immediately that y = w. 
Similarly, # =z. 

Therefore, when x and y are of the same type, we can make 
the following definition : 


296 (0, y) = BMG, y)-$(w, y).0= Kua viEA) veey} DEF 
It will be seen that in this definition of 27¢ (a, y) it is essential 
that the x and the y should be of the same type, for if they are 
not U(Uuseut*A) and 6c%t%y will not be, and U(iftfe vu UA) vu UU ty © 
will be meaningless. To overcome this limitation, and secure 


typical ambiguity for domain and converse domain of 29 (a, y) — 
separately, we make the following definitions : | 


an (4, y) =k (qa, y) x (a, y) p 
= (Ua UA) OU OE) ee, 
KYp (K, y) a (AK, y) p(k, y) c 
p= UU UA) UV LU U(Utty UA) UL AT} 6 Df. 
ete. 


Bo (a, B)=R (an, B)- (a, B)- 
w= [eG v fA) uv fA] Utes) DE 
aRp (@, %) = A ((aqm, »)- 
p= Ue [essa v A) vu tcAlulAturttA}l Df 


ae ter 1-2". Ae are ON ae 


ete. 


is q 
* This may seem circular as vis a relation, defined in the Principia as I, but it 
really is not circular, for “x may be defined directly as the class, 7 (y=). 
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Though these definitions may seem to conflict with one 
another, they really do not conflict, for where one of them is 
applicable, the others are meaningless, since they define relations 
between objects of different types. Moreover, it is easy to see 
that our definitions are so chosen that 


Rdg (u, v) = Spy (w, p). D.C DBHd (x, v) 
=D py (a, p). UODIG (u, v) = TS py (a, p). 
This is important, as we might easily have defined relations so that 


they might have several domains or converse domains of different 
types. This is why we did not define a7(a, y) simply as 


e {(qa, y) + (4, y) kK SLU av LA) VLE Uyt, 
for this would also represent 


a8 (Ay) « (a, y)- B= Uy}. 

It will be seen that what we have done is practically to revert 
to Schréder’s treatment of a relation as a class of ordered couples. 
The complicated apparatus of ts and A‘s of which we have made 
use is simply and solely devised for the purpose of constructing 
a class which shall depend only on an ordered pair of values of « 
and y, and which shall correspond to only one such pair. The 
particular method selected of doing this is largely a matter 
of choice: for example, I might have substituted V, or any other 
constant class not a unit class, and existing in every type of classes, 
in every place I have written A. 

Our changed definition of 27p(a, y) renders it necessary to 
give new definitions of several other symbols fundamental to the 
theory of relations. I give the following table of such definitions : 


nel Kin Coy (a — x ay —y)h Df. 
aky.=.2w0{z=c2.w=y}CR.ReRel Df 
ph.=..(qa).a=h.ae Rel. ga DES 
(Rh). dR:=:a€ Rel. D,. ha Df. 
(qh). ¢6R:=.(qa).ae Rel. ha Df. 


The first two and the last two of these definitions replace *21-03°02 
and *21:07-071 respectively. From these definitions and the laws 


* We shall understand in this way any propositional functions containing 
capital letters in the positions proper to their arguments. Thus ~@R shall be 


understcod as 
(qa).a=R.ae Rel. ~ da, 


a=R.ae Rel. 3,.~ da. 


We make this definition as well as the two following ones because a propositional 
function of a class of the sort we haive defined as a relation may significantly take 
as arguments classes of the same type which are not relations, and we wish to 
define propositional functions of relations in such a manner as to require that their 
arguments be relations. 


and not as 
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of the calculus of classes it is an exceedingly simple matter to 
deduce any of the propositions of *21 which are not explicitly 
used for the purpose of deriving the properties of relations from 


the particular definition of relations given there, and from this — 


it is easy to prove that the formal properties of the objects I call 
relations are essentially the same as those of the relations of the 
Principia. 

But it is obvious that since they are also classes, our relations 
will possess some formal properties not possessed by those of the 


Principia. I give in conclusion a table of some of the more — 


interesting of these: 


bihus= hus 
F.RaS=RAS 
Poi SS 5S Suan (Cs) 
tF.R—S.=.R+S 
Poy 

Pa AN = aN 

Ft. Rel C Cls 

Fb: Rox .=. RpK 
F: Rsx.=.Rs« 
F.at+@6sms‘a7 8 
Po@) << (esi 9p /S) 


Phil. Soc. Proc. Vol. xvi. Pt. v. 
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- A Double-Four Mechanism. By G. T. BENNETT, M.A., 
Emmanuel College. 


(PLaTE X.) 
| [Read 24 November 1913.] 


_ §1. A plane mechanism of eight pieces may suitably be called 
a double-four when each of four pieces 1, 2, 3, 4 is lmked to all 
the four pieces 1’, 2", 3’, 4° except to I’, 2, 3’, 4’ respectively. 
_A schematic form of diagram may conveniently be drawn as in 
Fig. 1, differmg not greatly in appearance from a double-four 
of straight lines arranged in chequer fashion. Each of the eight 
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Fig. 1. 


‘pieces is represented by a triangular plate, whose vertices are 
linked by pins to three other plates. The notation to be used 
here may be described as follows. The vertex of plate 1 which is 
linked to plate 2’ will be called 12’, and the vertex of 2’ which is 
linked to 1 will be called 2’1; so that points 12’ and 2’1 coincide 
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when the plates are assembled as a mechanism. The side of 
plate 1 opposite to vertex 12’ will be denoted by 12. These rules” 


of notation are to be followed for all the twenty-four vertices and 
all the twenty-four sides. (The numerals assigned to any vertex — 
have always one accented, and those assigned to any side have both — 


accented or neither.) 

If the pins at points 12’, 21’, 34’, 43’ are removed, the whole 
divides into separate mechanisms. One of these consists of plates 
1, 3’, 2, 4’ consecutively linked at the vertices of a deformable 
quadrilateral which may be denoted 13’24’. Its sides are 12, 3’4’, 
21, 4’3’, and the free vertices of the four triangles form a quadrangle 


12’, 3’4, 21’, 43. The other mechanism consists of plates 2’, 4, 1’, 3 _ 


consecutively linked at the vertices of a deformable quadrilateral 
2’41’3 with sides 2’1’, 43, 12’, 34; the free vertices of the triangles 
forming a quadrangle 2’1, 43’, 1/2, 34°. The two quadrangles are 
congruent, and coimcide when the mechanism is reassembled. 
Such a division into two parts may be effected in three different 
ways; and there are thus three such pairs of quadrilateral linkages. 
Mechanisms of the type described are singular in possessing one 
degree of freedom; for the connectivity gives, normally, fourfold 
stiffness. They were first discussed by Kempe (‘‘ Conjugate four- 
piece linkages,’ Proc. Lond. Math. Soc. 1878, Vol. 1x. pp. 188— 
147), who gave five different species, and afterwards by Darboux 
(“Recherches sur un systéme articulé,” Bulletin des Sciences Math. 


2 série, t. 11. 1879, pp. 151—192), who carried out an exhaustive — 


analysis and completed the catalogue by the addition of a species 
in which the three pairs of quadrilateral linkages are all contra- 
parallelograms (here called isograms). He shows that the material 
of the mechanism depends upon six parameters only, and that the 
three pairs of isograms are similar in pairs; but, for the rest, 
leaves the figure dependent for its precise description upon 
thirteen simultaneous equations in complex variables. It is this 
mechanism which is to be further discussed here. As a con- 
sequence of some investigations the following cardinal properties 
offer themselves. (a) The centre of similitude for each pair of 
isograms is the same. (8) The feet of the perpendiculars from 
this centre upon the axes of symmetry of any two pairs of isograms 
are the vertices of an isogram. (vy) This isogram is similar to 
the third pair of isograms of the mechanism, and with the same 
centre of similitude. These results being found, a simple means 
arises of constructing the mechanism ab initio. As it has been 
somewhat elusive, and as its geometry is a little uncommon, kine- 
matically, there seems sufficient reason for a short study such as 
is here presented. 

2. An auxiliary diagram (Fig. 2), not itself a mechanism, 
may be described first. It consists of an axis of symmetry 2, 


ot i 
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four points A, B, C, D on one side of #, and A’, B’, C’, D’ their 
images in #, on the other. The figure contains six isograms, such 
as ABA’B’. Hach gives a ratio, such as AB/AB’ (less than unity), 
for the lengths of the pairs of equal sides. The figure depends 
for its shape on only six parameters, so that, if the six ratios are 
kept constant, normal expectation indicates an invariable form for 
the figure, its size alone remaining variable. A porism, however, 


Fig. 2. 


upsets this presumption. The six ratios are subject to a relation 
which may be found thus :— 

Taking any point P it is possible (owing to the collinearity 
of the middle points of 4A’, BB’, CC’, DD’) to find constant 
multipliers a, b, c,d such that the equation 

a(PA?+ PA”) + b(PB? + PB”) +¢(PC? + PC”) 
see a hee Een IO) ere: (i) 
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is identically true for all positions of P. Taking P at A, 
a.AA?+b(AB?+ AB”) +c(AC? + AC?) 
+ d@(AD?+ AD?)=0 (11), 
and putting (A B/AB’Y = (ks — 1)/(ks + 1), 
so that kio= (4B? 4 AB?) AAS BB OR eer (iii), 
(11) becomes 


a.AA’+b. BB’ .ky+c¢.CC’.ks+d.DD’'.k,,=0...(iv). 


By taking P in turn at B,C and D three other such equations are | 


obtained, and hence by elimination 
po (be (By (Bu 


Ks, I kos Feng | 

: |= QO) eee 

ee ian ©) 
| ky ky Ky 1 | 


The six ratios, such as A.B/AB’, remain all constant, therefore, if 


any five are kept constant; and the figure may therefore assume | 


a single infinity of different shapes while each of the six isograms _ 


retains a constant value for the ratio of its sides. 

The variation of shape may be obtained from any arbitrary 
initial form by inverting the figure of eight points from a varying 
pomt O on the axis of symmetry z If the radius of inversion 
is f, the lengths AB and AB’ become, after inversion, 


R?. AB/OA.OB and R?.AB’'/OA.OB’, 


the ratio of which is AB/AB’, the same as before. Inversion 
leaves each of the six isograms with an unaltered value for the 
ratio of its sides. Specially, when O passes to infinity on x, and 
the circle becomes a line normal to a, inversion becomes reflexion 
in this normal and produces an image of the original figure. 

It will be convenient to suppose that the arbitrary size of the 
figure is kept always such that the product AA’. BB’. CC’. DD’ 
remains constant. This is secured by making F‘ proportional to 
OA.OB.OC.OD. An equivalent form of the constant is 


(AB? — AB?) (CD? — CD?), 
and hence AB.CD is constant and also AB’.CD, AB.C’D and 


AB’.C’D. The product of any two sides taken one from each of : 


a companion pair of isograms remains constant. 


§ 3. From the figure of § 2, which may be called a symmetro- 


gram, may now be constructed the isogram double-four. The 
geometry is best expressed in terms of vector multiplication; the 
product of two vectors being equal to the product of two others 
if the product of their lengths and the sum of their angles are in 
each case the same 
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Let the lines joining D to the six points A, B, C, A’, B’, C’ be 
taken as vectors, and let all the vector-products of these be taken 
in pairs, omitting only the products DA.DA’, DB.DB’, DC.DC". 
The extremities of these twelve vectors give a figure of twelve 
points. The vector DA.DB’ gives a point 12’, DA’. DB gives a 


: point 21’, and so on, in accordance with the tabular scheme 


1’ Oy 3/ 4! 
1 af. AB' O'A BCL an | 
2 A'B es BC’ CoM 
3 CA’ BC cs A'B' 
4 BC CA AB es 


where, on joining D to the extremities of any line of the symmetro- 
gram entered in the table, the vector-product is to have its 
extremity named by the numerals of the same row and column. 
(It may be understood that an arbitrary unit vector divides all 
the products in common, maintaining the vector dimensions 
correctly and giving an arbitrary scale and orientation to the 
resultant figure.) 

Consider the triangle formed by the points 41’, 42’, 43”. Its 
sides 41, 42, 43, as vectors, are given by the differences of the 
vector-products DB.DC, DC.DA, DA.DB, and are therefore 
equal to DA.BC, DB.CA, DC.AB (with zero sum). The lengths 
of these vectors have appeared as constants in § 2, and hence the 
triangle 41’, 42’, 43’ has sides of constant length. Similar results 
hold for each of eight triangles 1, 2, 3, 4, 1’, 2’, 3’, 4’. The sides 
of each triangle have lengths equal to those of the vector-products 
of pairs of sides of an associated quadrangle of the symmetrogram ; 
the four points consisting of the three points named in the row 
or column of the above table, together with D. A mechanism 
is therefore obtained, of the double-four type, with a notation 
corresponding to that of Fig. 1. Further, the three pairs of 
deformable quadrilaterals are all isograms. One is derived from 
the isogram ABA’B’ by multiplying it, from D as centre, by the 
vector DC; and the companion isogram is got by multiplying 
by DC’. These are both similar to the isogram ABA’B’; the 
ratio of their linear dimensions and the angle of inclination of 
their axes being given by the ratio and inclination of the vectors 
DC and DC’. A list of the lengths of the twelve pairs of equal 
lines of the mechanism figure is as follows: 
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23=|DA'.BC’| 14=|DA.BC 
31=|DB’.CA’| 24=|DB.CA 
12=|DC’.AB’| 34=|DC.AB ! 
yy =\Da Bo"! * V4 = pa net iar (ra) 
3/l'=|DB.CA'| 4° =| DB’.OA 
12) 0 84 sc nea 


Six relations should connect these twelve lengths. It appears : 
immediately that : 


giving three relations. Further (using lengths and not vectors) 
1232 — 232 = (DA? — DA”) BO”? = AA’. DD’. BO”, 
14? — 14? = (DA? — DA”) BC? =— AA’. DD’. BC?, 

and hence 


(232 + 14) — (2'3" + 1’4) = AA’. BB’. CO’. DD’ 


the constant of § 2, giving two further relations. The sixth 
relation is supplied by the determinantal equation (v) on putting | 
for ky» its value in terms of the sides given by (iii), and by 
AB/AB' = 34/12’ = 34/12 jointly; and similarly for the other 
elements of the determinant. 

The angles of the two sets of plates are also simply related. 
The angle of plate 1 opposite to the side 12 may be denoted 


by 12, and similarly for the rest. Then at the point 12’ the sum 


(or difference) of the angles 12 and 2’1’ is equal to the sum 
(or difference) of the angles of two of the isograms; and this 
same sum (or difference) occurs for the angles at the points 
21’, 34’, 43’. Similar results hold for the rest of the angles. The 
angles of the plates 1, 2, 3, 4 thus serve to determine those of the 
other set of plates; and one method of derivation may be put 
thus :—Let angles a, 8, y be taken such that 


Qa = 14 + 23 + 32 + 41, 
28=13 + 24431 +49, 
My = 12 + 214344 43. 


Then on subtracting from a, 8, y the angles of any one plate 
(those namely which occur in a, 8, y respectively) the angles of a 
plate of the second set are obtained. | 

§ 4. <A deforming isogram, starting from any arbitrary form, 
may pass through a cycle of fresh forms and revert to its original 


| 
| 
| 
| 
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form, the relative rotation of adjacent sides being four right 
angles. Among the forms occur two in which the vertices and 
‘sides are all in one straight line; and the original form itself 
appears in all four times, on two pairs of occasions which alternate 
with the rectilinear forms. This simultaneous cyclic performance 
of all the six isograms of the mechanism may be followed by 
observing the effect on the symmetrogram of inverting from the 
travelling pot 0. As regards the isogram ABA’B’, it inverts 
into collinear points when O crosses the circumference of the 
‘circumcircle; and it inverts into an isogram similar to ABA'B’ 
when 0 is at either diagonal point V or N’, or at the centre 
of the circle, or at infinity. Moreover the two isograms 1'32’4 
and 24/13’, similar to ABA’B’, will have parallel axes when O 
erosses the circumference of the circle circumscribing CDC’D’; 
and when O passes the centre of this circle the axes are inclined 
at the same angle as originally (with O at infinity). 

As regards the kinematics of the instantaneous movement, 
any two of the eight pieces have a centre of relative rotation, 
and the three centres associated with any three pieces, taken in 
pairs, must be collinear. The figure necessarily possesses the 
requisite collinearities, and they may be readily accounted for. 
Let the instantaneous centre for plates 1 and 2 be denoted 
by (12), and similarly for all others. Of centres such as (12’) 
there are twelve, these being permanent centres given by the 
connecting pins themselves. Of centres such as (12) and (1’2’) 

there are altogether twelve. The centre (12) is collinear with 
(13’) and (23’), and is also collinear with (14°) and (24’); and 
similarly for all such others. For any pair of equal sides of an 
isogram, that is, the plates they carry have as instantaneous 
centre the (diagonal) point of intersection of the other two equal 
sides. 
| Of sets of three plates there occur three different types, of 
which 123’, 1’2'3’ and 144’ may be taken as representative. For 
the first, the collinearity of (12), (18’) and (23’) has already been 
noticed. For the second, the collinearity of (1'2’), (2’3’), (81) 
“may be seen thus. The vector from D to (1’2’), a diagonal point 
of the isogram 1'32’4, is given by the product-vector DC.DJN, 
where WV is the intersection of AB and w; (2’3’) is given similarly 
by DA. DL and (3'1’) by DB. DM. These are the three products 
of pairs of vectors drawn from a point D to the three pairs of 
vertices of a complete quadrilateral, formed by the sides of the 
triangle ABC and the line 2; and hence the extremities of the 
three product-vectors are collinear. 
There remain only the points (11’), (22’), (83’), (44) to be 
considered. The last should be collinear with three pairs such 
as (14) and (14’), and also with three pairs such as (14) and (1’4’). 
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It may be found without difficulty that a vector from D equal 


to the vector function 


(DA’. DB’. D0’ — DA. DB. DC)(A A’ + BB’ + CC’) 


gives a point (44) satisfying all six conditions. Exchange of A | 
and A’ in this formula gives (11’), and similarly for (22’) and (33’), | 
The twenty-eight instantaneous centres are thus all eeepo ae. for, | 


and their collinearity in sets of three. 


§ 5. The double-four mechanism described so far is not the - . 
only one derivable from the symmetrogram of § 2. The point D | 
has, specialiy, been used as a centre for vector-products, and the | 
mechanism thus associated with D may be named (D). The use 
of D' in place of D gives a mechanism (D’) which is merely the | 
image of (D)in w. But three fresh pairs of mechanisms (A) and | 
(A’), (B) and (B’), (C) and (C’) complete a set of eight, consisting | 
of four distinct mechanisms (A), (B), (C), (D), each accompanied | 


by its image. These four may now be compared. 


Among the eight triangular plates of which (C) is composed | 
there occurs one whose vertices are the extremities of product- | 
vectors CA.CB, CB.CD, CD.CA. The sides of this triangle, as | 
vectors, are given by CD.BA, CA.DB, CB.AD; and this triangle | 
is identical im dimensions with the plate 4; and similarly for all | 
the rest. The mechanism (C) is composed of the same material | 
as (D), but it is differently put together. One of the isogramis © 
of (C) is obtained by multiplying the isogram ABA’B’ from C by | 


CD; and one of the isograms of (D) is got by multiplying the 
same isogram ABA’B’ from D by DC. These i isograms are there- 
fore congruent, with parallel sides and a half-turn rotation would 


bring them into coincidence. The triangles on corresponding | 
sides, moreover, are both congruent and homothetic. The other 
pair of congr vent isograms of (D) and (C) are got by multiplying | 
the isogram ABA’'B’ by DC’ from D and CD’ from C. Compare — 


with each the isogram af (C’) got by the multiplier C’D. The (C) 
and (C’) isograms, with the triangles on their sides, are images 
in «; and the (D) and (C’) isograms have the triangles on their 


sides congruent and howe anes and would themselves come to 
coincidence by a half-turn. There results the following method 


of converting the mechanism (D) into (C), namely :—() Separate | 


(D) into the two isogram mechanisms 13/24’ and 2’41’3. (a1) Ex- 


change two vertices of each plate 1, 3’, 2, 4° by giving it a half- 7 


turn Euout the middle point of the alle x the isogram on which 


it stands. (i) Exchange two vertices of each plate 2’, 4; 1 ae 


in the same way. (iv) Turn either of these new four-piece 
mechanisms upside-down ; i.e. give it a half-turn about some line 
in its own plane. (v) Unite the free vertices of 1, 3’, 2, 4’ with 


those of 1’, 3, 2’, 4 respectively. The double-four (C) thus formed 


: 
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has for its tetrads of plates 1, 2, 3, 4 paired with (and so not 


linked to) 2’, 1’, 4’, 3’ respectively. The double-fours (4) and (5), 
which may be similarly obtamed from (D), have 1, 2, 3, 4 


associated, the one with 4’, 3’, 2’, 1’ and the other with 3’, 4’, 1’, 2’. 
A double exchange of numerals suffices to convert the list of 
connections used for (D) into those necessary for (A), (B) or (C). 
Thus, in passing from (D) to (A), any vertex of 1, 2, 3, 4 is 
replaced by some fresh vertex in making attachment to any the 
same vertex of 1’, 2’, 3’, 4’; and the rule is to exchange the 
numerals 1 with 4 and 2 with 3. Since, ex gr., in (D) 12’ is 
attached to 2'1 (according to the original notation itself), so for 
(A) 43’ is attached to 21. The rule holds for all twelve pins. 


It may be observed that, taking the aggregate of all four 


mechanisms, any particular plate 1, 2, 3 or 4 is connected in 
turn with all the twelve vertices of the plates 1’, 2’, 3’, 4’, and 
conversely. The two tetrads remain distinct throughout, and 
connections occur only between members of opposite tetrads; but 


the different pairings which distinguish the double-fours are 
peculiar to each mechanism in turn. The mechanism given in 


Fig. 3 is the mechanism (D) derived from the symmetrogram of 
Fig, 2. 

§ 6. Some of the special forms of the isogram double-four 
mechanism (D) may be briefly noticed, arising from special forms 
of the symmetrogram from which it is derived. 

G) IfA,8B,C, Dare concyclic, the triangular plate 4 becomes 
a straight bar. 

(i) If A, B,C, D are concyclic, and also A’, B’, C, D, then 
both plates 3 and 4 become bars. 

fan) liye sl BT CD and (Al B.ClD) and A’, BC, D are 

concyclic, then plates 1, 2,3 are bars. In this case the 

symmetrogram is obtainable from the figure of any 

triangle A BC, with A’, B’, C’ as the feet of its perpen- 

diculars, and PD as orthocentre, by inverting from any 
. point on the polar circle. 

(Gv) If A, B,C, D are on a circle with diameter , then 
A’, B’, CO’, D’ are also on the circle. All eight pieces 
are then bars, and the axes of the three pairs of 
isograms are concurrent. The figure occurs in a 
paper of the author's (Lond. Math. Soc. 1911, Ser. 2, 
Vol. x. p. 383). The eight points of the symmetro- 
gram of Fig. 2 are approximately concyclic; and as 
a consequence the plates of Fig. 3 take an elongated 
form differing not greatly from bars. 

(v) If D and D’ coincide, the double-four is symmetric 
about #, and pairs of its plates are images in 2. 

(vi) If D and D’ are coincident in case (iv) the eight-bar 
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mechanism becomes symmetrical. This is the figure | 
given, apparently, by Darboux (loc. cit. p. 174). / | 

(vii) If D and D’ are at infinity on «, the product-vector | 
extremities may (as a limit) be taken at the middle 
points of the sides of the isograms ABA’B’, BCB’O’, | 
CAO’ A’. The mechanism is the same as in case (Vv), | 
but at a different stage of its deformation. Since | 
the plate given by the middle points of triangle ABC | 
is similar to ABC and of half the size, and similarly | 
for others, it follows that the material for such a — 
mechanism may be supplied by the eight triangles | 
whose vertices are A or A’, B or B’, C or C’ in the } 
symmetrograin. 4 

(viii) If Cand C’ coincide with D and D’, the isogram 1'324 
of (D) becomes evanescent in size, and the pieces © 
1’, 2’, 3, 4 become bars linked together at a common 
extremity. 

In all these cases peculiarities affecting the mechanisms (A), | 

(B), (C) will accompany those of (D). : : 

| 


Nore. Fig. 1 has served a purely schematic purpose in the 
foregoing treatment of the isogram double-four: its three pairs — 
of quadrilaterals are drawn as parallelograms instead of isograms. 
But, as a consequence, it is itself a double-four mechanism of 
another species, and is included in his list by Darboux (loc. cit. 
p. 164). He identifies it with a last case of Kempe; but with 
some confusion, for the latter has a connectivity different from 
that of the double-four type. The freedom of the mechanism is a 
simple consequence of the parallelogram construction. It may be 
noticed that if the pins are removed, the set of plates 1, 2, 3, 4 
may, without rotation, be brought together so that pairs of equal - 
sides coincide, the vertices of the four triangles forming a quad-_ 
rangle; and similarly for 1’ 2’ 3’ 4’. So that the material for the — 
mechanism may be supplied by the eight triangles givensby two — 
arbitrary quadrangles. (In Fig. 1 these quadrangles are made, 
unessentially, and for simplicity, two equal parallelograms.) 4 

But this mechanism, though ostensibly a double-four, should — 
in strictness be classified as spurious or improper; for the pairs of — 
pieces that are not linked have centres of relative rotation which — 
are not variable but permanent, and for which the missing pins of 
connection may be supplied. The centre for 1 and 1’ is such that 
it completes the figure of the first quadrangle when associated — 
with the vertices of 1; and with the vertices of 1’ it forms the ~ 
figure of the second quadrangle ; and similarly for the other three — 
pairs. The completed mechanism consists then of four rigid 
quadrangles linked by their points to four other quadrangles; 
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each separate set of four being congruent and homothetic. Such 
a parallelogram link-work may be generalized, obviously, to include 
any number of pieces linked to any number of others. A lattice- 
work, if made of two separately equal sets of arbitrarily curved slats, 
would afford a representative example. 

The parallelogram case and the isogram case above examined 
stand somewhat as companions among the species of double-four. 
For all other species the angles of the plates are equal or supple- 
mentary at every pin; and of these the most interesting has been 
specially treated by Fontené (Nouvelles Annales de Math. 1903, 
pp. 529—549, 1904, pp. 8—29). 
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On the Nature of the Internal Work done during the Euapora- 
tion of a Liquid. By R. D. Kireman, D.Sc. (Adelaide), BA. | 


Emmanuel College. 
[Received 13 March 1914.] 


When a molecule passes from the liquid into the gaseous | 
state it absorbs energy in overcoming the attraction of the | 
molecules of the liquid, and in changing its internal energy. No 
energy is absorbed. or evolved which is due to a change in the 
kinetic energy of translation. This can be shown to follow from | 
the observed fact that the temperature indicated by a thermometer _ 
is independent of the nature of the material of the bulb, and 
consequently of the attraction it exerts upon the surrounding 
substance. The velocity of translation of a molecule in a substance 
when it passes through a point where the forces due to the 
surrounding molecules neutralize one another, is then independent — 
of the density of the substance*. The average distribution of the | 
molecules in the substance corresponds to each molecule bemg — 
situated at a point possessing the property mentioned. It follows — 
then at once that in separating the molecules of the substance by 
an infinite distance from one another energy can only be expended 
in the way described. Thus the internal heat of evaporation L ~ 
of a molecule when the saturated vapour behaves as a perfect gas 
may be written 


L=U + (Wg) ee @D), 


where U denotes the work done against molecular attraction, and 
u—U, the change in internal molecular energy, where wu, denotes 
the internal energy of a molecule in the gaseous state. Therefore 
if the liquid undergoes a small change in density the corresponding 
changes 1n the potential energy of attraction and internal molecular 
energy are dU and du. 

The quantity du has usually not been considered by most 
investigators of the properties of matter, or has been assumed — 
to be small in comparison with dU. Thus for example the equation — 
of state of van der Waals does not take it into account. It must — 
however occur in the equation of statet. On the other hand, other 
investigators have supposed that dw is of the same order of magni- 
tude as dU}. I have brought forward circumstantial evidence that 
du is small in comparison with dU§, but more direct evidence is — 

* Phil. Mag., July 1912, pp. 101—118. 
+ loc. cit., Sept. 1912, pp. 391—401. 


+ loc. cit., Jan. 1912, p. 111. 
§ Proc. Camb. Phil. Soc., xvi. Pt. 6, pp. 540—559 (1912). 
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desirable. We shall see later that the point in question is of more 
than passing importance. Accordingly I endeavoured to obtain 
an expression for w— wq in terms of other quantities. An expression 
was obtained corresponding to matter in the critical state as 
follows. 

It will be convenient to consider first the exact meaning of 
the quantities on the right-hand side of equation (1). When a 
molecule is ejected from the surface of a liquid and passes out of 
the sphere of influence of attraction of the liquid molecules, it may 
undergo a change in the configuration of its atoms during the 
journey. This we would in fact expect since each molecule in the 
liquid state is under the action of the forces of attraction of the 
surrounding molecules whose resultant effect is a more or less 
radial force, whose centre is in the molecule, tending to separate 
the atoms from one another, and from which the molecule is 
relieved when passing into the gaseous state. This change in 
configuration may modify the law of attraction between the 
molecules. When the molecule is out of the sphere of action 
of the molecules of the liquid, or in the perfectly gaseous state, 
it may not yet be in a state of internal equilibrium. And the 
adjustment of equilibrium may give rise to a displacement of 
energy some of which may be algebraically communicated to the 
surrounding molecules. Thus an evolution or absorption of heat 
may occur when the molecule undergoes bombardment by other 
molecules after it has passed out of the influence of the molecules 
of the liquid. This heat is evidently the quantity u—wu,. It will 
be obvious that the same reasoning applies if the molecule passes 
into the gaseous state in stages, due to the existence of a surface 
transition layer. During each stage a change in internal energy 
equal to du will take place. But =du may then not be exactly 
equal to the value that w— wu, would have in the absence of the 
transition layer. 

Next it. will be necessary to consider briefly the equilibrium 
of a substance. When in equilibrium the external pressure and 
force of contraction due to molecular attraction, called the intrinsic 
pressure, is balanced by the pressure due to the motion of trans- 
lation of the molecules. We may suppose, as in the kinetic theory 
of gases, that the motion of translation of the molecules takes place 
parallel to three lines at right angles to one another, one-third of 
the molecules moving parallel to each line. If n denote the 
number of molecules crossing a cm.’ per second of a plane at right 
angles to one of the lines, and p and P, denote respectively the 
external and intrinsic pressure in dynes, I have shown* that 


Mts [Pin = (pena Se NOR THs eangonnseenee (2), 
* Phil. Mag., July 1912, pp. 103—109. 


: 


a relation which is independent of the density of the substance, 
where 7’ denotes the temperature and m the molecular weight of 
a molecule relative to that of hydrogen. Its deduction was based 
on the fact that the temperature indicated by a thermometer is 
independent of the nature of its bulb, and consequently of the 
molecular attraction it exerts on the surrounding molecules. 

Now let us consider the behaviour under certain conditions 
of a substance which is contained in a cylinder as 
shown in figure 1, in which slides a piston A. The 
system is kept at constant temperature. Suppose 
that the substance is a liquid and that the piston is 
in contact with its surface. Also suppose that the 
material of the piston consists of solidified liquid, in 
which case there is no change in density of the liquid 
as we pass from it into the material of the piston. 
Now suppose that the piston is imstantaneously 
removed from the liquid surface to some distance 
away. Then initially an molecules will leave the 
liquid surface per second, namely those that are able 
to overcome the attraction of the liquid, where a is 
a fraction. The substance may also be in such a state that a is 
unity, in which case the liquid surface is bodily projected after 
the piston. The properties of the substance corresponding to 
different values of a will now be considered. 

It will first be shown that if a=1 the substance cannot give © 
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Fig. 1. 


rise to another phase of the substance which is in contact with it _ 


in equilibrium. For suppose that A and B in figure 2 are two 


= a 


Fig. 2. 


homogeneous slabs of the substance which are in equilzbrium in 
contact with one another under the same external pressure, and 
that for the slab A the value of ais unity. It follows then that 


at any instant all the molecules in the boundary surface of the — 
slab_A move bodily into the slab 6. And since there is equilibrium — 


an equal number must move from the slab B into A. But this — 
can only be the case if the density of the slab B is the same as 
that of A. It will be easy to see that this also holds if in the 
beginning we suppose that a transition layer exists at the boundary 
of the slabs. For this transition layer may be cut up into an 
infinite number of homogeneous slabs, each pair of which may be 
treated in succession in the same way, beginning from the A side. 


a 
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If a is a fraction it can be shown that the substance can exist 
in two phases. Thus suppose that some of the substance is con- 
tained in the cylinder of figure 1 in contact with the piston, and 
let the piston be displaced in the same way as before. The surface 
of the substance will go on shedding molecules till the density of 
the vapour is such that the same number of molecules are received 
upon the surface per second as leave it. This number must be 
larger than an, since the attraction of the vapour helps the molecules 
to get away from the liquid surface. But it must be smaller than 
n, for if equal to n it follows in the same way as before that both 
phases must have the same density, and hence there would be 
only one phase. The condition that another phase could exist 
in contact with the substance is therefore that a should be less 
than unity. When this condition is satisfied the phases are 
realizable in practice. Thus let a denote the value of a for a 
quantity of the substance whose density is less than that just 
considered. Now the value of n increases with increase of density 
of the substance, while that of a decreases, since the attraction 
the kinetic energy of a molecule has to overcome increases with 
increase of density. If the two surfaces of the substances which 
are of different densities are placed in contact, the values of 
a, , and an are increased along the boundary, since the attraction 
of each substance helps the molecules of the other substance to 
get away from it. But the increase is greater in the case of the 
less dense substance than in the case of the other, on account of 
it being bounded by a substance of greater density than itself, and 
the opposite applies to the other substance. Thus it should be 
possible to find a density for the second substance which is less 
than that of the first, so that when the substances are placed in 
contact with one another the number of molecules passing from 
one into the other is the same, in which case they will be in equi- 
librium. Upon reflection it will be evident that the existence 
of a surface transition layer does not invalidate the foregoing 
conclusions. 

The foregoing considerations show that when a substance is in 
the critical state a=1. Nowa molecule could get away from the 
surface of a mass of substance and out of the influence of its mole- 
cules after displacement of the piston in the process described only 
when its kinetic energy is equal to the energy expended in over- 
coming the attraction of the substance. The kinetic energy of a 
molecule in the substance that could be expended in this way is 
that which it has when passing through a point at which the forces 
of the surrounding molecules neutralize one another. For we have 
seen that when a substance is converted at constant temperature 
into the perfectly gaseous state this kinetic energy remains con- 
stant, the heat being expended in overcoming external and internal 
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molecular forces. This kinetic energy therefore represents available | 


energy, since it is evidently available for being converted into other 


forms of energy when the substance is in the perfectly gaseous | 
=U, | 


where V denotes the velocity of a molecule in the gaseous state | 
and m, its absolute mass. From the kinetic theory of gases we 


MV? 
2 


state. It follows therefore that at the critical point 


have Wi where m is the molecular weight of a molecule 


relative to that of a hydrogen molecule and R = 8-26 x 10’. Hence | 


at the critical point 


Ji iD os 
Wi (=~ ) LB iii (3) 
In a previous paper* I have shown that at the critical point 
Se) al 
U+u-—Uq= \r Gal. ~ Py TG Us docx eee (4), 


where v denotes the volume of a gram of substance. This 


equation was deduced from thermodynamics without introducing — 


any assumptions. It was also shown that according to the facts 
the right-hand side of the equation may be written m up 65. 
Thus the equation may be written 


Oyu =u, = ae i716. 2S eee ()} 
m 
since according to Young and Thoma’s law pu = — at the critical 
point. Equations (4) and (5) then give at once 


hee (= —) 2 = 113 Ue ee (6). 
m : 


It appears therefore that when a molecule passes from a substance 
into a less dense substance it absorbs heat in the latter substance 
on being bombarded by the surrounding molecules till 1t is intern- 
ally in equilibrium. The amount of heat absorbed is about 10°/, 


of the total. heat absorbed or energy spent in the transference of 


the molecule. The change in internal energy of the molecule is 
thus small in comparison with other energy changes as we might 
expect. 

As has been remarked before, it is of importance to obtain 
some definite information about the quantity w—u,. Thus I 
have shown in a previous paper} that if w—u, is small in com- 
parison with U the attraction between two molecules decreases 


* loc. cit., Sept. 1912, p. 395. 
+ Proc. Camb. Phil. Soc., xvi. Pt. 6, pp. 540—559 (1912). 
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with increase of temperature, and that it follows from the Joule- 
Thomson effect that it varies approximately inversely as the 
temperature. This effect is more likely to be brought about, as 
pointed out in the paper quoted, by a relative displacement of the 
atoms of each molecule with change of temperature than by a true 
change in the forces of attraction. It follows therefore that the 
intrinsic pressure term in the equation of state is a function of 
the temperature as well as the volume of the substance. Also the 
variation of the viscosity of a gas with change of temperature is 
not due only to a change in the velocity of translation of the 
molecules but also toa variation of the forces of attraction between 
them. 

A formula for the intrinsic pressure was also obtained which 
gives the quantity to the same degree of approximation that 
U+u—U, is equal to U. 

Since w—Uq is small in comparison with U it is possible to 
obtain some information about the law of molecular attraction 
from a study of the internal heats of evaporation of liquids. This 
I have carried out in previous papers assuming the foregoing. 
It was shown* that if no other assumption is made besides the 
one mentioned it is mathematically impossible to determine com- 
pletely the law of molecular attraction from internal heat of 
evaporation data, in other words the law obtained should contain 
an arbitrary function of the temperature and distance of separation 
of the molecules. ‘This arises from the fact that we do not know 
a priort how the attraction varies with the temperature, other 
conditions remaining the same. And this point cannot be deter- 
mined from the data in question because we cannot say how much 
of the change in internal heat of evaporation with rise of tempera- 
ture is due to a separation of the molecules of the liquid due to 
its decrease in density, and how much due to a change in the 
attraction of the molecules. But even if this poimt were deter- 
mined the law would still contain an arbitrary function. For the 
internal heat of evaporation is the difference of two quantities, 
viz. the potential energies of attraction in the states of liquid and 
saturated vapour, and we evidently cannot recover a curve given 
the difference between certain ordinates. It is therefore of primary 
importance to obtain the law of attraction in the form involving 
an arbitrary function for we can then be sure that the part of the 
law outside the function is correct. On the other hand if we obtain 
a definite law by the help of assumptions, say assuming the form 
of the law, an agreement with the facts does not mean that our 
assumptions are correct. This follows from the mathematical 
theorem so often ignored by scientists that an infinite number of 
formulae can be found to express a set of facts equally well, each 


* Phil. Mag., Jan. 1911, pp. 83—102. 
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of which corresponds to a different hypothesis. It is evident 
therefore that there is only one way to obtain reliable information 


about the law of molecular attraction from internal heat of evapo-— 


ration data. Any other way might lead to the discovery of 
excellent formulae for the internal heat of evaporation, but could 
by no means give any definite information about the law in 
question. 
I have obtained* in the way described the law 
é = “4 >Vm, 
a eas a ema 
where z denotes the distance of separation of the molecules which 
are at the temperature T, x, that of the molecules in the liquid 
state at the critical temperature, and d (z =) is a function of 
these quantities left arbitrary. The quantity $m, denotes the 
sum of the square roots of the atomic weights of the atoms of a 
molecule; and the attraction of “cohesion” of an atom is thus pro- 
portional to the square root of its atomic weight. Since I have 
shown in this paper that «— wu, is small in comparison with U, the 
deduction of the law is placed on a perfectly sound basis. It is 
evident that each of the definite laws that have been obtained by 
introducing assumptions correspond to certain forms of the arbitrary 


function. This connection has been discussed at length+. It was - 


also deduced} that the function @ does not vary much with z and 
roughly inversely as 7’ from other data than those relating to the 
internal heat of evaporation. 


Note. It will be convenient here to correct two misprints. 
Equation (27) on page 639 of the Proc. Camb. Phil. Soc., vol. XV. 


Pt. 7, should read n= k, ae ; and equation (2) on page 177, 
ce Pe” ‘ 
vol. xvi, Pt. 1, should read 7 = M? (2a) 
(Sey)? 


* loc. cit. and papers quoted therein. 

+ loc. cit., Oct. 1911, pp. 566—586. 

~ loc. cit., May 1910, p. 807; and Proc. Camb. Phil. Soc., xvi. Pt. 6, 1912, 
pp. 553—559. 
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_ The Work done in the Formation of a Surface Transition Layer 
of a Liquid Mixture of Substances. By R. D. KiEEMAN, D.Sc. 
_ B.A., Emmanuel College. 


[Received 16 March 1914.] 
In a previous paper* I have shown that the surface tension 


which a pure substance would have if no surface transition layer 
were formed would be given by 


14+ 949+... Bee 


l+@qt+e,t... 


where U denotes the energy expended in overcoming molecular 
attraction on separating the molecules of a gram of the substance 
an infinite distance from one another, p denotes the density of the 
substance, and mq the absolute molecular weight of a molecule. 
This equation is based on Laplace’s definition of surface tension 
according to which it is the work done against molecular attraction 
per unit increase of surface on cutting a slab of a substance into 
two slabs and separating them an infinite distance from one another. 
Besides the assumption is made that the attraction between two 


molecules separated by a distance z is given by a law of the form 
< 


, Where k and r are constants or functions of 7’, the temperature. 


The constants ¢,, 3, C,, ... C, in the expression 


14 g+3+... 


1l+o+e,+.. 


are then functions of r. Since the molecular attraction is approxi- 
‘mately given by a law of the above form, and the foregoing 
expression is not sensitive to variations in the values of the 
jconstants C2, C3, C4,...€n, the value of the expression may be 
‘calculated with fair accuracy by means of a law of attraction 
which has been found to fit approximately the facts. In this 
manner I obtained ‘876 for the value of the expression putting 
r=5, and equation (1) accordingly became 


* Phil. Mag., Dec. 1912, pp. 876—885. 
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Before considering the application of this equation to mixtures it | 
will be useful to reconsider its deduction. 

The true law of molecular attraction is probably not given by. 
a law of such simplicity as the foregoing. But there is nothing 
against supposing for purposes of calculation that the molecules 
are replaced by a set of molecules obeying such a law pro- | 
vided that the surface tension in question and the value of U) 
remain unaltered. This can be realized since we have two) 
variables at our disposal, namely k and vr. Equation (1) is thus\ 
fundamentally correct. It then remains to find the equivalent’ 
law of molecular attraction of the form given. This need only) 
be approximately realized for the reasons given. To see how’ 
the value of the eae depends on the value of r it was | 
calculated for the case r=2, which gave ‘71. When r=o it) 
will be easily seen that it is equal to unity. The correct value | 
thus lies between ‘7 and 1. The attraction varies much more 
rapidly with the distance of separation of the molecules than 
corresponding to r= 2, r being approximately equal to 5*, or 4 to’ 
which corresponds van der Waals’ equation of state. It is evident, 
therefore that the approximately correct value of 5 for r should 
give within a few per cent. the correct value of the expression. | 

When we are dealing with a mixture of substances we may | 
suppose as before that the molecules are replaced by a set of) 
molecules equal to one another and which obey a law of attraction | 
of the form given. This is evidently possible for the same 
reasons as stated above. The equivalent law of attraction will 
obviously be very approximately the same as for a pure substance, | 
and the value of the expression discussed practically not altered. | 
The molecular weight mg occurs in connection with the number | 
of molecules in the substance. In the case of a mixture it 1s: 
therefore only necessary to substitute for mg the average mole-— 
cular weight. The quantity U refers in all cases to a gram of the | 
substance. 

When the ingredients of the mixture consist of liquids whose — 
heats of evaporation in the pure state are known for temperatures : 
at which their vapours approximately obey the laws of a perfect | 
gas, the values of U may be approximately calculated corresponding — 
to this region of temperatures. The heat of evaporation of a: 
substance whose vapour approximately obeys the laws of a perfect 
gas is equal to the energy expended in separating the molecules” 
an infinite distance from one another. This heat is expended in 
overcoming the attraction between the molecules and producing 
changes in their internal energy. I have shownt that the latter 


* Toc. cit., May 1910, p. 807. 
+ Previous paper in this volume. 
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part of the heat expended is small in comparison with the former 


‘part, and the internal heat of evaporation may therefore be taken 
_as approximately equal to the energy expended against molecular 


attraction. By definition U for a mixture is equal to the energy 
expended in overcoming the molecular attraction on separating 
‘the molecules of a gram of the mixture an infinite distance from 
one another, and hence approximately equal to the heat of 
‘mixture of the ingredients and their internal heats of evaporation 
in the pure state. If the ingredients of the mixture consist of 
the substances a and b in the proportion of n, and m by weight, . 
we have 

| ite Lgna + Longs 
ee mec, 


where L,, and L, denote the internal heats of evaporation of a gram 
of substance a and 6 respectively, and H,, the heat of mixture of 
the ingredients of a gram of the mixture. H,,, is usually small in 
comparison with both Z, and L;, and may therefore be neglected. 

| I have calculated the surface tension . of a few mixtures of 
substances of which Ramsay and Aston * have measured the ordinary 
surface tension X,. The constituent substances are not associated 
in the pure state and according to the experimenters mentioned 
do not undergo any radical chemical change on mixing, that 1s, the 
resultant substance is more or less a pure mixture. ‘The results 
T obtained are given in Table I. The values of U were calculated 
by means of equation (3) neglecting H,,, and using the internal 
heats of evaporation LZ, and ZL, given in the Table, which were 
interpolated from the values calculated by Millst. The absolute 
mass of the hydrogen atom is taken as in the previous paper equal 
to 161 x 10-* gram, the value obtained by Rutherford from ex- 
periments on the a particle. The difference d,—), is the external 
work done in the formation of the transition layer. 

It will be seen that the value of dA, for a mixture of C,H, and 
CCl, is practically independent of the relative concentrations of 
the ingredients. This is probably intimately connected with the 
fact that this holds also for the values of X,.. The results I obtained 
previously with pure substances are given in Table II for comparison, 
L, denoting the internal heat of evaporation. It will be seen that 
in the case of pure substances A, — A, Is practically independent of 
the temperature. But for mixtures this does not hold, its value 
increases with increase of temperature. At low temperatures 
A»— A, is smaller for a mixture than for each of the ingredients in 
the pure state. The difference in the behaviour of mixtures and 
pure substances is no doubt due to adsorption effects. 


* Zeit. f. Phys. Chemie, 15, 1894, p. 88. 
+ Journ. of Phys. Chem. vit. p. 405 (1904). 
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TABLE I. 


Mixture of 1 CgHg to 1 CCly. 


Average m,=116 x 1-61 x 1074 grm. 


p p Mo aCe) en. (CO) || wi ds | 
289 1°2597 27-70 97-11 46°97 63°84 34:0 6-31 
318-2 1:2095 23-50 91°8 44°39 60°27 31:3 7°75 
Bolen 1°1596 19°71 85'3 41°64 56:27 28-4 8°73 

10 CgHe to 17 CCl,. m,=125°8 x 1:61 x 10-* grm. 
286:2 13509 27°66 97°75 47-24 58°86 33°75 6:09 
319°6 1-2942 23°51 91-20 44°35 55:09 30°70 7:19 
351°4 1-211 19°52 85-00 41:60 51°56 27-94 8:42 
2 CgHg to 1.CCl,. m,=103 3x 1-61 x 10-4 grm. 
283°8 1:1384 28°55 98°12 34°83 6:28 
319-2 1:0377 23-99 91-80 31:64 


1:0431 20-00 


1 CHCl, to 1 G8,. 


282 1:4026 29°16 
317-9 13406 24°49 
334 _ 1°3128 22°23 


85°30 


61°41 


81:78 
57°30 76°79 
55°49 74:29 


69°36 
64°88 
62°82 


m,=91-7 x 1-61 x 105-2 erm: 


37°48 


34:02 


32°48 


7°65 | 


8°32 
9-53 
10°25 
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Lhe ronisation produced by certain substances when heated on| 
a Nernst filament. By Frank Horton, Se.D., St John’s College. 


[Read 9 March 191 4] 


The ionisation produced by heated solids has been investigated | 
by many observers in recent years, but at the present time none! 
of the theories which have been put forward to explain the) 
origin of the emission of either positive or negative electricity is: 
universally accepted. The substance upon which most experl-- 
ments have been made is platinum, but other metals, and many | 
compound substances, have also been used. As a rule, in testing | 
compound substances they have been supported upon a strip or | 
wire of platinum, and the view has been put forward that the 
observed effects are due to the metal support rather than to the | 
layer of substance under test. Thus certain oxides—those of the | 
alkaline earth metals—give a large emission of negative electricity | 
when heated upon platinum in an exhausted tube, and it has | 
been suggested that this effect is merely an increased electron 
emission from the platinum itself; the increase being caused by’) 
the lime lessening the energy required to enable an electron to | 
escape through the metal surface. The emission of positive 
electricity from various salts has also usually been studied when. 
the salt under test is heated upon a platinum strip. Dr W.. 
Wilson failed to detect any positive ionisation from aluminium 
phosphate heated on a Nernst filament, although the positive | 
emission from this salt when heated upon platinum has been | 
investigated by several experimenters. Dr Wilson has therefore 
concluded that “the leak observed when the salt is heated on | 
platinum is either mainly a leak from the platinum itself, or the | 
latter plays an important réle in its production*.” | | 

The author has recently been studying the thermal ionisation | 
produced by Nernst filaments and, having the apparatus at hand, | 
it was thought desirable to test these views as to the origin of the | 
ionisation from glowing solids by ascertaining (a) whether lime 
heated upon a Nernst filament gives a negative emission com- 
parable with that obtained when it is heated upon platinum, and | 
(6) whether the positive emission from a glowing Nernst filament | 
is increased. by placing sodium phosphate upon it. It has already | 
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been shown that sodium phosphate heated upon platinum gives 
a large positive ionisation which is more permanent than that 
given by aluminium phosphate™*. 

The discharge tube used in these experiments is similar to 
that described in an earlier paper*, the only difference being 
that the two parallel platinum plates which form the anode are 
rather further apart in the present apparatus. These plates are 
situated vertically, 1:5 cms. apart, at the centre of the small bulb 
which forms the discharge tube. The Nernst filament when in 
position is parallel to the “plates and mid-way between them. It 
can be heated by an alternating electric current led in through 
stout platinum wires, and the filament and its leads can easily be 
removed from, or replaced in, the bulb. The alternating current 
‘was obtained from the secondary of a transformer, the primary 
‘coil of which was connected to the alternating town supply (100 
ili), and the current through the filament could be varied by 
changing the resistance in both primary and secondary circuits. 
‘One of the fine iron wire resistances supplied with Nernst lamps 
was always kept in series with the filament. As this resistance 
en a large positive temperature coefficient, it tends to keep the 
temperature of the filament more steady than would otherwise be 
the case. 

_ In order to start the filament glowing it was ‘clean From the 
discharge tube and heated by holding it above, and near to, 
a glowing “ heater” of the kind supplied with an ordinary Nernst 
lJamp. It was then placed in the apparatus which could be 
rapidly exhausted, when required, by means of a water-pump, 
mercury-pump, and charcoal tube cooled in liquid air. In this 
way the gas pressure in the apparatus could be reduced to 
‘0001 mm. within twenty minutes from the time that the glowing 
filament was placed in position. 

_ The temperature of the filament was determined by means of. 
a Féry optical pyrometer, which was very kindly lent to the 
evervlist Laboratory by Professor T. Mather, of the City and 
Guilds College, London. This instrument was standardised by 
using a platinum tube of about the same diameter as a Nernst 
filament, with a thermo- couple of fine wires of platinum and 
platinum- rhodium welded to it. In order to have the surface 
of the tube exactly similar to that of the filament, a filament 
was finely powdered and mixed with water, and the platinum 
‘tube was then covered with a thin layer ‘of Nernst filament 
material by evaporating this mixture upon it. This platinum 
tube was fitted up in the place of the filament in the discharge 
bulb, and observations of the thermo-electromotive force and 
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readings of the optical pyrometer were taken at several tame 
peratures between .900° C. and 1600° C. From these observa- | 
tions the temperature of a Nernst filament corresponding to any’ 
reading of the pyrometer between these limits can be ascertained | 
with fair accuracy. In most of the experiments described in this | 
paper the actual temperature of the filament is of little consequence, | 
for the pyrometer was usually employed simply to adjust the| 
temperature to a constant value. > | 


| 
' 
The negative enussion from Lime. i 
a 


A Nernst filament was heated in a good vacuum (the residual! 
gas having a pressure of 0001 mm.) until the negative current) 
obtained from it under a potential difference of 214 volts had) 
become fairly constant, a condition which is obtained in a much 
shorter time than when platinum is being experimented on. || 
A series of observations of the thermionic emission from the | 
filament at different temperatures was then taken, and the results 
are shown in the curve of fig. 1. In this ordinates represent 


3°78 x 10-8 ampere 


Current: 1 


1400 1500 1600 1700 


Temperature, Degrees centigrade 
Fig. 1. 


current, one division = 3°78 x 10-8 ampere, and abscissae repre- 
sent temperatures on the centigrade scale. The curve given 
shows that at temperatures above about 1500° C. the thermionie 
current increases directly with the temperature and not in the 


substances when heated on a Nernst filament. 417 


‘exponential manner usually obtained with substances heated at 
lower temperatures. Most of the current-temperature curves 
‘obtained with Nernst filaments at high temperatures showed 
‘this approximately linear relation, but the curve selected for 
fig, 1 is that in which the experimentally determined points lie 
‘most nearly on a straight line. A negative ionisation of about 
‘the magnitude represented by this curve was always obtained 
when a Nernst filament was heated in a good vacuum. The 
large potential difference of 214 volts was used to swamp the 
alternating potential difference of the heating current, which, 
between the ends of the filament, was about 60 volts when the 
filament was at 1500° C. 

In the first experiments with lime-covered filaments, the lime 
was obtained by evaporating a strong solution of calcium nitrate 
on the filament and then igniting, but this process was found to 
spoil the filament, which became very difficult to start glowing, 
and when glowing would sometimes suddenly go out during the 
observations ; a filament so treated also broke through after being 
used for a short time. Pure lime (Kahlbaum, prepared from 
marble) was therefore powdered very finely in an agate mortar, 
and some of this powder was stirred up with distilled water. 
‘The lime in suspension in water was then placed upon the 
filament, a drop at a time, and the water was evaporated away by 
Warming over the heater. The drops were all placed near the 
centre of the filament, and care was taken not to allow any of the 
liquid to go on to the platinum leads, although this precaution 
‘was probably unnecessary, for the leads never became visibly hot 
during the experiments. The evaporation of the lime water was 
continued until a uniform layer of lime was obtained over about 
7mm. of the middle of the filament. When obtained in this 
manner the layer of lime did not peel off on heating, and the 
filament could be started glowing just as easily as a new one. It 
should be mentioned that the filaments used were all of about the 
same dimensions, the length of the glowing portion being about 
9°5 mm. and the diameter ‘78 mm. 

The glowing lime-covered filament was placed in the apparatus 
and the air-pressure was reduced. It was at once obvious that 
under these conditions the lime gives an enormous negative 
emission, for as the pressure was reduced to a few millimetres 
a brilliant glow appeared in the discharge tube, without the 
application of any electromotive force except that of the heating 
circuit. One of the platinum wire leads to the filament was kept 
earthed, and from the appearance of the discharge it was seen 
that the bare end of this wire, near the filament, was acting as an 
anode. By lowering the temperature of the cathode the luminous 
discharge could be stopped, but at the lower temperature it could 
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be started again by earthing the parallel plate anodes of the dis- 
charge tube by touching with the finger. 

In a previous paper* the author has drawn attention to the 
different appearances of the luminosity obtained with a hot 
lime-covered platinum cathode. Under certain conditions of 
temperature, gas-pressure, and potential difference, the luminosity 
surrounds the anode only, and this luminosity always appears 
gradually when the conditions are slowly changed (e.g. the tem- 
perature slowly raised), and there is no sudden increase in the 
current passing through the tube. If the temperature is still 
further raised, or the potential difference increased, a point is” 
reached when the luminosity suddenly leaves the anode and 
surrounds the cathode, and then, in some cases, luminous pencils 
of cathode rays are seen. These effects were also obtained with 
the lime-covered Nernst filament. With the temperature at 
1500° C., and the gas-pressure 0001 mm., a current of 28 milli- 
amperes was obtained. In this case 210 volts were put on from 
the high potential battery, but the magnitude of the discharge 
current was limited by a wire resistance of about 5500 ohms 
included in the circuit. The passage of the discharge greatly 
increased the temperature of the filament, which became much 
hotter near its lower end than at any other point. The gas- 
pressure in the apparatus was so low that no definite pencil of 
cathode rays could be seen, but there can be little doubt that 
the discharge was taking place mainly from the hottest point . 
of the filament. The whole bulb was filled with a bluish glow 
(Hg vapour and CO), which could be best seen by looking in such 
a direction that the light from the filament itself was screened 
by one of the platinum plates forming the anode. The applied 
P.D. was lowered to 40 volts and the filament became cooler and 
equally luminous all over. The glow could still be seen in the 
bulb, but as the current was now very much reduced, this 
luminosity was doubtless an “anode glow.” With 40 volts applied 
through a resistance of 5500 ohms to the terminals of the dis- 
charge tube, the following measurements of the thermionic current 
at different temperatures were taken : 


Temperature ( C.) 1510 1626 1698 1780 


3°3 4:3 D3 


bo 
(SS) 


Current (milli-amps. ) 


These currents do not increase so quickly with the temperature 
as is usually the case with the negative emission from glowing 
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solids, but the values given cannot be taken as measuring the 
corpuscular emission from the lime-covered filament, for the 
following reason. A resistance of 5500 ohms was included in 
the circuit to prevent damage to the high potential battery, and 
while this resistance remains constant during the experiments 
the resistance offered by the discharge tube diminishes greatly 
with increasing temperature. Thus the fall of potential across 
the tube decreases as the temperature of the filament is raised, 
and as the current is not saturated, its values at the different 
temperatures are not proportional to the number of corpuscles 
emitted by the filament. The potential ditference required for 
saturating a thermionic current increases as the temperature 
rises, and at the same time the energy required to produce 
ionisation by collisions in the gas decreases. At the temperatures 
obtained with a glowing Nernst filament ionisation by collisions 
occurs under quite small electric forces—much smaller than that 
due to the heating circuit in these experiments—and even at the 
low pressure used it was not possible to obtain a saturation 
current. 

A comparison of the results in the above table with those 
recorded in the curve of fig. 1 shows that the negative ionisation 
produced by a glowing Nernst filament is enormously increased by 
coating the filament with lime. It is difficult to say whether the 
emission is as large as that from lime-covered platinum, but the 
experiments at all events show that the order of magnitude is 
the same in both cases. To make a careful comparison of the 
two it would be necessary to work at much lower temperatures 
so as to avoid the complications introduced when the discharge 
becomes luminous. It was found to be extremely difficult to 
maintain the lime-covered filament at a constant temperature 
much less than 1500°C., and after several attempts the idea of 
trying to make an exact comparison was abandoned. The results 
described above are, however, sufficient to show clearly that the 
large negative emission obtained from lime heated on platinum 
cannot be attributed to the metal with which it is in contact. 


The positive emission from Sodium Phosphate. 


A new filament was used in these experiments, and the 
positive emission from this was first investigated. It was found 
that the emission in a good vacuum decreased on continued 
heating of the filament, but the decrease was not nearly so great 
as that obtained when platinum is first heated in a vacuum. ‘The 
author has shown that the positive emission from platinum is 
largely due to absorbed gas, and in the case of a Nernst filament 
it may also be due to gas evolved during the heating, in which 
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case the falling off with time in the case of a freshly heated 
filament would not be expected to be so large as in the case 
of metals, for no doubt a great deal of the absorbed gas is driven 
off while the filament is being fitted into position and during the 
evacuation of the apparatus. When a filament had once been 
heated until the positive emission had been reduced to a steady 
value it was found that the emission quickly became steady on 
re-heating and re-testing, and the value under given conditions 
remained fairly constant. With the filament at about 1450° C, 
and with a potential difference of 205 volts (in addition to that 
due to the heating circuit), a positive thermionic current of 
1:36 x 10-7 ampere was obtained at atmospheric pressure, and on 
gradually pumping down, the current increased to a maximum 
value, generally at about 30 mm. pressure, after which it decreased 
to a minimum at about 2 mm. pressure, and then rapidly increased 
again as the pressure was still further reduced. Sometimes, how- 
ever, this final increase in the current did not occur, and the 
current decreased to a minimum value at the lowest pressure. 
The form of the current pressure curve for the positive emission 
from a Nernst filament is thus exactly similar to that given by 
platinum *. 

The filament was next covered, except for about 1 mm. at 
each end, with a layer of pure sodium phosphate by evaporating 
a water solution of that salt upon it, a few drops ata time. It 
was then fitted into the discharge tube and the positive emission 
was re-tested. In the earlier experiments it was found that the 
phosphate volatilised away from the filament and condensed on 
the walls of the discharge tube. The heating current was there- 
fore regulated so as to keep the filament glowing at as low 
a temperature as possible. Under these conditions it was rather 
difficult to start the filament glowing, and it often “went out” 
before the observations were begun; but ultimately I succeeded 
in obtaining a series of values of the positive emission at 1422° C. 
over a fairly wide range of gas-pressures. Before this series was 
obtained the filament was heated for about two hours in a pressure 
of (002 mm. At the end of this time the emission had been 
reduced to a steady value. The gas-pressure in the apparatus 
was gradually raised to 56 mm., observations of the positive 
emission being taken at several pressures. After each alteration 
of pressure a few minutes were allowed for the current to become 
constant. The pressure was then gradually reduced again, and 
the observations of the current were repeated. Throughout the 
series the temperature of the filament was maintained at 1422° C. 
by adjusting the resistance of the heating circuit. The results 
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obtained with decreasing pressures are plotted as a curve in 
fig. 2. In the following table some results at various pressures, 


1:94 x 10-® ampere 


Current: 1 


0 10 20 30 : 40 50 
Pressure mm. 


Fig. 2. 
both increasing and decreasing, are given. The close agreement 


between the values in the two series shows that the emission had 
really been reduced to a steady state. 


| 
Pressure (mm.) 0024 | 13:25 15-0 | 45:0 = 56°5 
Thermionic current : | 
Increasing pressures 92 160 163 en | ra! 
Decreasing pressures 95 162 160 120 114 


The curve in fig. 2 is similar to that which represents the 
connection between positive ionisation and pressure for sodium 
phosphate heated upon a platinum strip. In both cases the 
emission at first increases with decreasing pressure to a maximum 
value at a pressure of a few mm., after which it decreases rapidly 
as the pressure is still further reduced. In some earlier experi- 
ments* the maximum value of the positive emission from sodium 
phosphate heated upon platinum at 1190° C., under an applied 
potential difference of 200 volts, was 2°25 x 10° ampere per 
sq. cm., and occurred at about 10 mm. pressure. From the curve 
in fig. 2 the maximum current is obtained at about 3 mm. 
pressure, and its value is 1:97 x 10-* ampere per sq. cm., the latter 
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figure being obtained on the supposition that the part of the 
filament which had been covered with phosphate was still covered 


when these observations were made. Since the current per 


sq. cm. calculated on this supposition is rather less than that 
given by platinum coated with sodium phosphate at a much 
lower temperature, it seems probable that in places the salt had 
volatilised away from the filament, so that the area covered when 
the observations were taken was really much less than that 
assumed in the calculation. The fact that the maximum emission 
is obtained at a lower pressure in the case of the Nernst filament 
is in agreement with the general characteristic of the positive 
emission from glowing solids, namely, that the pressure of 
maximum emission is lower the higher the temperature of the 
anode. 

After these experiments with sodium phosphate, the filament 
was taken down and repeatedly washed in distilled water to 
remove any remaining sodium salt. It was then replaced in the 
apparatus and the positive emission at 1422° C. was again tested. 
The current-pressure curve obtained is also shown in fig. 2. 
This curve is similar to that given by a new filament after 
heating to a steady state, but the values of the currents shown im 
the curve are rather larger than those generally obtained. The 
difference in the form of this curve and that obtained with sodium 
phosphate on the filament is very marked. A similar difference 


is shown by the curves for platinum covered with sodium phosphate ~ 


and for platinum alone. Evidently the increase of the emission to 
a maximum value at a few mm. pressure is due to the presence 
of the sodium salt on the anode; and the large emission obtained 
from sodium phosphate heated upon platinum is due to the salt 
itself and not to the platinum. 

Dr W. Wilson, in his experiments*, could detect no positive 
emission from a Nernst filament covered with aluminium phos- 
phate, but he obtained an emission while the heater connected 
with the filament was kept glowing, and he concluded that 
the latter effect was due to the fine platinum wire of the heater. 
In an earlier paper the author has shown that the activity of 
ordinary aluminium phosphate is due to sodium impurity which 
would immediately sublime away at the high temperature of the 
fully glowing filament, but would probably give a steady emission 
at the much lower temperature of the heater; so that the current 
obtained in Wilson’s experiments while the heater was in operation 
may have been due to the material of which it is made, or to some 
of the phosphate which had fallen upon it. 

The form of the current-pressure curve given by salts contain- 
ing sodium is very interesting. In my paper on the discharge of 
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positive electricity from sodium phosphate heated in ditferent 
gases*, it is pointed out that this curve is similar to those obtained 
when the negative emission is under test, which suggests that 
ionisation by collisions comes in at certain pressures. In the 
paper referred to this view is ruled out because, at that time, 
it was generally thought that much larger electric forces than 
those employed were necessary to obtain ionisation by collisions 
with positive ions. Some experiments recently made by Dr 
Pavloff in the Cavendish Laboratory have, however, shown that 
ionisation by collisions with positive ions occurs even with 
potential differences of about 10 volts. It is thus possible that 
the shape of the curve obtained with sodium phosphate is due to 
ionisation of the gaseous molecules present, by collisions with the 
positive ions from the glowing anode. 

The experiments made with uncoated filaments showed a 
pressure of maximum emission at about 30 or 40 mm. pressure, 
but near this maximum the thermionic current was very unsteady, 
varying capriciously over a range of as much as 50 per cent. in 
some cases. It was at first thought that this unsteadiness was 
due to the cooling effect of convection currents, but the emission 
at higher pressures was very much steadier, so it does not seem 
probable that convection is the cause. The points plotted in this 
part of the curve in fig. 2 represent the means of many deter- 
minations. In the case of the particular filament to which this 
curve refers, the pressure of maximum emission was at about 
30 mm. The effect of placing sodium phosphate upon the filament 
is to reduce this pressure of maximum emission very considerably, 
so that at pressures of a few millimetres there is a very much 
greater ionisation from the phosphate covered anode than from 
the filament alone. The ionisation at all pressures is increased 
by the presence of the sodium salt, but the increase is most 
marked at pressures of a few millimetres. 

_ The form of the current-pressure curve for a clean filament 
is similar to that given by a platinum strip which has been 
heated for a long time. In the latter case there are strong 
reasons for believing that the ionisation is due to gas evolved 
from the heated platinum, and it would appear probable that 
the ionisation from the Nernst filament is due to a similar cause. 
The question arises: can the form of the current-pressure curve 
be due to ionisation by collisions? The high pressure at which 
the maximum value of the current is obtained would seem to be 
against this view, but it must be remembered (a) that the electric 
force near the filament is very great; (b) that at the temperature 
employed, the mean free path in the surrounding gas or vapour 
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is much larger than at ordinary temperatures, and the pressure of 
maximum current increases with both these quantities. I think, 
therefore, that the shape of the curves given by pure platinum 
and by a clean Nernst filament can be explained by ionisation by 
collisions coming in at certain pressures. 

The effect of sodium phosphate is probably twofold: (1) it 
increases the formation of positive ions at the surface of the 
anode, and (2) it changes the nature of the gaseous material 
through which the discharge takes place; for the space round the 
anode now contains molecules of volatilised salt, or the products 
of dissociation of that salt. The pressure of maximum current 
is now much lower than before, and if ionisation by collisions is 
the cause of the existence of this maximum, it follows that the 
vapour now surrounding the anode is not so easily ionisable by 
collisions as was the gas previously in contact with it. On this 
view the increase of energy required for ionisation must be 
considerable to account for the large decrease in the pressure of 
maximum emission. If we may assume that an increase of tem- 
perature of the anode increases the percentage of difficultly 
ionisable molecules surrounding it (by increasing the volatilisation 
or dissociation of the salt) to a greater extent than is necessary to 
counterbalance the effect of the increased mean free path, we 
should expect that the higher the temperature of the anode the 
lower would be the pressure at which the maximum emission 
occurs. This is what is actually found to happen when series 
of observations of the positive emission are taken at different 
temperatures. In the case of the negative emission from glowing 
solids, the pressure of maximum current increases with the tem- 
perature, a fact which is explained by the larger mean free path 
in the surrounding gas at higher temperatures. If the above 
explanation of the effects obtained with the positive ionisation is 
correct, it follows that the difficulty in ionising the salt vapour 
(or its dissociation products) 1s experienced by the positive ions 
but not by electrons. 

So far nothing has been said about the increase in the positive 
emission from the clean filament as the pressure is reduced below 
1 mm. An exactly similar increase was noticed when pure 
platinum was being experimented upon, and it has been attributed 
to the mercury vapour which comes over from the pump. It is 
intended to test this view by taking precautions to prevent mercury 
vapour from entering the discharge tube. 
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__ Fluctuations of sampling in Mendelian Ratios. By G. UDNY 
Yuts, M.A., St John’s College, University Lecturer in Statistics. 


[Read 9 March 1914. ] 


Tn any series of Mendelian experiments, the observed propor- 
tions always exhibit greater or smaller deviations from expectation. 
In the material as a whole, if it be considerable, the deviation may 
be small: but if it be broken up into small sub-groups—e.g. the 
offspring of individual matings—the fluctuations may be very large 
indeed. For example, in the series of matings of Japanese 
waltzing mice x albino hybrids inter se, cited in Table A below, the 
expectation of albinos is 25 per cent., and the average proportion 
137/555=24'68 per cent. is extremely close to this: but in the indi- 
vidual litters the percentages cover the whole range from 0 to 100 
per cent. The question whether such fluctuations have any signifi- 
cance or whether they are merely the result of “pure chance,” 
corresponding to the fluctuations that might be expected in the 
number of black balls drawn from a bag containing both black and 
white, is one that must no doubt have occurred to most workers in 
the subject. Mr Bateson and Miss Saunders, writing in the First 
Report of the Evolution Committee of the Royal Society (1902), 
were careful to emphasise that the numerical results are irregular 
and that the laws represent only an average result (pp. 10 and 
127—8). In the Second Report (1905) a long series of results 
with peas (Pisum) is tabulated and it is stated that “the possi- 
bility that departures from the expected F, ratios might not be 
purely fortuitous was a special subject of enquiry” (p. 55). The 
conclusion given is that “the ratios found in individual plants, 
62 for shape and 85 for colour, are not enough for full discussion, 
and a study of them does not, so far, suggest the presence of any 
disturbing factor” (p. 77). But this brief statement hardly seems 
to make the most of the material given in the Report. 

It is difficult in fact to understand why more use has not been 
made of well-known results in the theory of sampling in order to 
compare the fluctuations observed in Mendelian experiments with 
those to be expected if the individual families, fruits—or what- 
ever the sub-groups may be—are simply random samples of the 
whole possible material. If p be the chance of obtaining one of 
the two alternative characters (e.g. the dominant), g the chance of 
obtaining the other (e.g. the recessive), the relative frequencies of 
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samples of » individuals 0, 1, 2, ete. of whom shew the first! 
character, are given by the terms of the binomial series (¢— p)” or) 
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The mean of the series is np: its standard deviation is (npq)?. If, 
for example, data are available for a number of litters of moderate | 
size, litters of the same size n may be grouped together and for 
each such group the numbers of litters with 0, 1, 2, etc. recessives | 
may be compared with the frequencies to be expected as given by 
the binomial series. 
Where the sub-groups are of considerable size but not very | 
numerous, as in counts of peas on different plants or of maize 
grains on different cobs, this complete comparison becomes | 
impossible and we have to fall back on a simple comparison of the | 
standard deviation of the observed proportions with expectation. 
So far as I know, not even this has been done in many instances. 
The work of R. H. Lock on maize, referred to further below, is a. 
notable exception. For a number of samples, all of the same size | 


n, the standard deviation of the proportion is ( pq/n)?: if the sizes | 
of the samples vary, for n should be substituted the harmonic | 


1 41.) 
mean H of the numbers in the samples where H-7y™ & il 


N be the number of samples. With the use of Barlow’s Tables ~ 
(Spon), for giving the reciprocals, 1/H is readily evaluated: the 
values of 1/n are written down straight from the tables, their 
arithmetic mean r=1/H is formed, and the expected standard | 


deviation is ( qr)’. 

The following illustrations of these theorems were for the most | 
part obtained some years since and have frequently been used as | 
examples in lectures, but with one exception they have not hitherto 
been published. I have put together these notes in the hope that 
they may stimulate those who are carrying out actual experiments | 
to make more extensive and detailed tests on the same general — 
lines. - The work seems to me well worth doing. 

I know of no data sufficiently extensive to give a thoroughly | 
satisfactory test against the binomial distributions. From — 
A. D. Darbishire’s data respecting his crosses of Japanese waltzing — 
mice with albino mice (Biometrika, 111., 1904, p. 1) tables can be | 
compiled in the required form, but there are only 121 litters for — 
the case in which the expectation is 25 per cent., and 132 for the 
expectation 50 per cent. These numbers are too small for any 
close agreement with theory to be expected in the case of the 


* Cf. Yule, Introduction to the Theory of Statistics, x11. § 11. 


in Mendelian Ratios. 427 


few litters of each individual size, but a fair comparison results 
when the figures for litters of all sizes are totalled together. 
Table A shews what is meant. The figures in ordinary type give 


Taste A. Hybrids of Japanese waltzing mice x albinos paired 
together : expectation of albino 25°/,. Observed (roman) and 
calculated (italic) numbers of litters of each size with 0, 1, 2,... 
etc. albinos. Data from Darbishire, Biometrika, Ut. 


Number of albinos in the litter 
Size of | Total 
litter | | 6 litters 
‘ b | or || 
| 0 1 2 3 4 ) more || 
— ra) 
1 7 = | 7 
DES | Ts | | 
2 3 7 i | 11 
619 | 412 | 0-69 
3 Pemok ns 4 til 16 
6:75 | 6:75 | 2:25 | 0:25 | 
4 5 9 3 a Ae | 17 
Eso 718s | F259 O80) lpn 0-04 
5 9 9 3 3 1 1 26 
Gly | 1028 | 6-86 | *228 | 0-88. |) 0-03 
6 8 9 8 6 = = _ 31 
Geel OF 9-200 4-09) 1-02) | Ot | 0:01 -|| 
7 Tees. 4 3 2 1 =f i aa | 
147 | 343 | 343 | 1:90 | 063 | 0-13 | 0-01 || 
8 = ~ ie |e = — — 1 
HO1O 0:27) 0-31 | 0-21 | 0:09 \ 0-02) | — 
9 ress a 1 te =a ee ee 1 
| 008° | 0:23 | 0:30 | 0:23 | 0:12 | 0-04 | 0-01 | 
| | | 
| 
Total obs. : 40 43 24 11 2 1 | = ji 1a 
eale.: || 86:92 | 45:04 | 26°63 | 9:76 | 2:28 | 0°86 | ‘03 \| 121-02 


the observed numbers of litters of each size with a specified 
number of albinos; the italic figures are those calculated from 
the respective binomial series. The expectations being 3/4 and 
1/4, the expected proportions of litters of 1 with no albinos and 
1 albino are 3/4 and 1/4: the expected proportions of litters of 2 
with 0, 1, and 2 albinos 9/16, 6/16 and 1/16—and so on. The 
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frequencies in the individual compartments of the table are too 
small to shew close agreement between observation and theory, | 
but if the observed and calculated frequencies are totalled for all | 
sizes of litter, as in the bottom row of the table, the agreement | 
shewn is very close indeed—closer than would be found as a rule, | 
If Professor Pearson’s test be applied (Phil. Mag., July 1900, and | 
Elderton’s tables, Biometrika, 1.), x? = 0°780, P=0-94, or a worse | 
fit between observation and theory is to be expected 94 times out 
of 100. Reducing the cases for which the expectation is 50 per | 
cent. in the same way, I find the figures for all sizes of litters given 
in Table B. Here the agreement is not quite so good, as the | 
observed data for litters of five or more are irregular, but it is | 
quite fair. I find y?= 8-003, P = 0:238, or a worse fit might be © 
expected nearly one time in four*. The same data may be other- | 
wise dealt with by working out the percentage of albinos in every | 
litter and comparing the standard deviation of such percentages - 


with (pq/ H)?. I find: 


Data of Table A. ) 
HT = 3°53 ; s.d. theo. 23:04; actual 23°09 + 1:00. 


Data of Table B. 
H=473; s.d. theo. 22°98; actual 21°63 + 0°90. 


The agreement here is very close. 


TaBLE B. Waltzing mace x albino hybrids crossed with albinos. 
Observed numbers of litters with 0,1, 2,... albinos and numbers - 
calculated (as in Table A) from expectation 50°/,. Data from 
Darbishire, Biometrika, 1. ; 


Number of Number of litters |! Number of Number of litters 
albinos in albinos in 
ipter Observed | Calculated uber Observed | Caleulated 
- 0 6 6:14 6 iL Paas 4-48 
1 21 19:98 | 7 0 1:28 
2 30 31°71 8 1 0-26 
3 37 32°90 9 or more — 0:03 
4 18 23°41 
5 18 11°83 
Total 132 132-02 


Turning now to the data for peas (Pisum) tabulated by indi- 
vidual plants in the Second Report of the Evolution Committee 


* In calculating P the frequencies of 4 albinos and upwards in the first case, 


and of 6 albinos and upwards in the second, were grouped. 
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referred to above, it is evidently no longer possible to give the full 
‘comparison with the binomial series as the range in number of 
‘seeds per plant is too great and the plants too few, and a com- 
‘parison of the actual standard deviation of the percentages for 


individual plants with the standard deviation (pq/H)? is all that 
‘can be effected. Table C shews the results. The first four lines 
‘Taste C. (Data from Second Report of the Evolution Committee 
| of the Roy. Soc. (W. Bateson and Miss Killby).) Comparison 
of actual and calculated standard deviations of percentages of 
recessive seeds in F, on different plants in peas. Hapectation 


Bot). 

| Nahe Mean Standard weve 
Table in Characters : of percentage | deviation and | pq/H 
| original dominant first ents of recessive | probable error | (per cent.) 
De seeds (per cent.) 

/ I Yellow and green 84 25°4 6°55 + °34 731 

| aa i . 86 24-3 4:86 = +25 5°30 
II Round and wrinkled 64 23°8 6:05 + -36 6:48 

ii, LOL Py mn 86 24°3 5°59 + *29 5°30 

| I, WI | Yellow and green 170 24°8 5-79 4-21 6-39 

‘| It, 111 | Round and wrinkled | 150 24:1 5°80 + °23 0°84 


Omitting from Tables I and II plants with less than 50 seeds, and from III 
plants with less than 100. 


| I Yellow and green 52 24-9 4-40 + -29 4-40 
| Sag # x 43 24-3 4-23 4-31 3-71 
| 1 Round and wrinkled 42 25°1 4-944. °31 4°38 
| Til a He 43 23°8 3°57 +26 3°71 


of the table give the standard deviations of the percentages of 
yellows for the plants included in Tables I and III of the original, 
and of the percentages of rounds for the plants tabulated in 
Tables II and III. In three cases out of the four the observed 
‘standard deviation is less than that calculated, though the 
differences are within the possible limits of fluctuations of sampling 
(taking the probable error of a standard deviation as given ap- 
proximately by the formula for the case of normality 0:67450//2n). 
Grouping together the data respecting yellows and greens from 
‘Tables I and III, and similarly the data respecting rounds and 
wrinkleds from Tables II and III, the results shewn in the next 
two lines are obtained: the observed standard deviation is less 
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than that calculated in each case, and for yellows and greens the | 
difference is nearly three times the probable error. Speaking | 
generally, however, the agreement is fairly close, and the data hardly | 
the number of seeds per plant is, however very high—from a | 
mere half-dozen seeds up to two or three hundred—and it was 


suggest any fluctuations of physical significance. The range of 


suggested to me by Mr Darbishire that the poor plants might be | 
exceptional, and that it might be worth while to try the effect of 
their exclusion. Excluding plants with less than 50 seeds in the | 
case of Tables I and II of the original, and plants with less than’ 
100 seeds in the case of Table III, the standard deviations obtained © 
are given in the last four lines of Table C. Here the agreement is | 


distinctly closer than before. Finally use may be made of the | 


fact that Table III of the Report deals with the two characters | 
yellowness and roundness in combination. The expectation of | 
yellow-rounds is 9/16 or 56:25 per cent. and the mean percentage 

given by all the plants of Table III of the Report is close to this. 


} 


Including all plants the actual standard deviation (Table D) is 


lower than that calculated by 2°8 times the probable error: 
omitting plants with less. than 100 seeds the agreement is 
extremely close. In the case of the combination of characters as | 
in the case of the single character there is no evidence of any 
significant fluctuation. 


TasLe D. (Data from Table IIT, loc. cit. above.) Standard devia- | 
tions of percentage of the pair of dominant characters, yellow- | 
round seeds, in F',. Hapectation 9/16 or 56°25 °/,. 

| 


| 


| Number | Percentage of | Standard deviation pq] 

| of plants | yellow-rounds} and probable error | ‘?4 

\Alltplamts Mee 86 56-51 5°36 + -28 6:13 
Excluding plants with 

| less than 100 seeds... 43 56°77 4:27 + 32 4:25 

| 


I turn now to Mr Lock’s paper on his experiments on maize | 
(Annals of the Botanic Gardens, Peradeniya, 11. 1906). Mr Lock | 
himself worked out for one of his most extensive tables (Table 33) | 


for a DR x RR cross the probable error and its theoretical value 
for simple sampling, calculating the actual value by a graphic) 
method: he also pooled together all the cases of expectation 
50 per cent. and made the same comparison. In both cases the 
actual somewhat exceeded the expected value of the probable 
error though the difference was not great. The results of my 
own work on Mr Lock’s data are shewn in Table E. For three 
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tables in which the expectation is 25 per cent. the agreement is 
"good, very good considering the small number of cobs available. 
When these three tables are pooled together (without respect to 
the fact that they deal with different characters) the actual s.d. is 
2:05 per cent. against an expected value 1-99. 

; 

Taste E. (Data from Lock, Annals of the Botanic Gardens, 
Peradeniya, tt. 1906.) Comparison of actual standard 
deviations and s.d.’s of sampling im experiments with mazze. 


1 
i 


i: ae _~ arcs laid BS aa En 
; No Mean per- Standard 

‘Table in original Characters of | centage of | deviation and N pq/H 
lants| recessive probable error | (per cent.) 
P "| grains (per cent.) 

| I Starchy and sugary) 18 24°8 2044-23. 2°20 
Ii ieecaa %9 22 23-4 1-96 + -20 2:23 
XXXIV | Yellow and white 30 25°5 1-62-14 1°63 
on i 
[1, W, Xxxrv ue 70.| 247 205 4-12 1-99 
IL, IV, V, VI, VII |Starchy and sugary} 74 | 50-9 3174-18 2-60 
IH, IX, X, XI, XII| Yellow and white | 49 50-2 3°16 + -22 Oe 

ae XXXII a a 95 50-0 2-484 -12 2-16 

y 

| 


In the case of the DA x RR crosses, however, the agreement is 
_by no means so good, the actual exceeding the expected standard 
deviation by two to three times the probable error in each case. 

The divergence in the second group is largely due to the five 

plants of Table IX which give percentages of whites ranging from 
43°3 to 56°6 and 56:9 on 644, 648 and 515 grains respectively : 

with standard errors of 2 to 2:2 per cent., such deviations are not 
probable as the results of random sampling. But, as pointed 
out by Mr Lock, the data as a whole shew a rather greater 

-yariation than one would expect, and the result cannot be 

attributed merely to one or two particular tables. The difficulty 

‘is to imagine any cause for such excessive variation (such 

a fertilisation by pollen from DD’s or Df’s instead of RR’s, in- 

| 


correct sorting of doubtful yellows or unsuspected heterogeneity 
of the whites) which would not also affect the means obtained, 
and the means agree very well with expectation. The contrast 
between the DR’s selfed and the DR x RR crosses is curious. 
The former certainly do not suggest any significant fluctuation : 
the latter do, on the whole, suggest some source of disturbance 


or possibly error. I wish more data, for other plants or for 
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animals, were available for this cross. It seems to me of especial 
interest as it is only on the heterozygote that there are differences 
between the gametes. 


Some years ago Miss E. R. Saunders was good enough to put — 


at my disposal extracts from her records of experiments on stocks 
to test the question whether the proportions shewed any significant 
fluctuation when they were based on the seeds from individual 
fruits, and not merely on seeds from each plant as a whole. To 
avoid possibly serious disturbance of the proportions recorded, 
I excluded in the case of the plant characters all pods in which 
less than 70 per cent. of the seeds survived. The following are 
the results : . 


: Expected] No. of | Actual s.d. of Vpq/H 

Cia achers ratio fruits |the percentages] (per cent.) 
Hoariness and smoothness il 3d 20 6°39 = -68 8°62 
29 9 99 a) 8 i 102 Heloluet BA 6°80 
” 29 ” ) 3 2 236 901+ 28 8°92 
Singles and doubles 3:1 105 8°64 4 -40 8:09 
Seed colours: Green, not-green | 27: 37 28 9°46 + +85 7°80 
20 99 se 8 0 53 8:13 +-53 7:28 
99 as Hs 5} Il 40 584+ -44 6:70 


In five cases out of the seven the observed are greater than the 
predicted standard deviations, but the excesses are within the 
limits of sampling. Even in spite of the restriction mentioned 
the observed percentages of the plant characters may be somewhat 
disturbed by losses, so that even if the excessive variation be 
regarded as significant it does not follow that in these cases ib 
represents a deviation from pure chance in the distribution of the 


gametes amongst the fruits. In the case of the seed colours 


Miss Saunders informs me that the classification was carried out 
chiefly for reasons of convenience, and as it was not the main 
object of the experiments the time and labour that would have 
been entailed by the strictest accuracy was not given to the 
sorting of difficult cases—and there are difficult cases, such as 
parti-coloured seeds and seeds which have remained green because 
they have died before ripening. Hence there may be a small 
proportion of missorted seeds, tending to increase the fluctuation. 
If the results cannot be said definitely to disprove the existence of 
significant fluctuation, apart from fluctuations due to varying 
death-rates in different groups of plants, neither do they give any 
certain evidence of its existence. 


¥ j 


{ 
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__ A Case of Repulsion in Wheat. By F. L. ENGLEDow, B.A., 
St John’s College. (Communicated by Professor Biffen.) 


| [Read 9 March 1914.] 


| The plants which supplied the evidence of repulsion comprised 
! the second generation (F,) of the cross 
i 


| Smooth Black x Essex Rough Chaff 
and the two characters concerned were: 


j (1) Roughness of Chaff, 
| (2) Black Colour of Chaff. 


The term chaff, as used here, refers to the glumes only of the ear. 
It is, however, practically certain that an examination of the outer 
paleae would justify the inclusion of these parts with the glumes 
/as far as the experimental characters are concerned. 

_ The following details concerning the parents suffice for the 
purposes of this paper. 

“Smooth Black” is a variety of wheat obtained by Professor 
Biffen as one constituent of the second generation of the cross 


| Rivet x Fife. 


Its genetic constitution has not yet been determined but, as two 
years of growing have shown, it breeds true. 
The glumes are glabrous and of a deep and burnished black 
colour, the black pigment occurring in the sub-epidermal tissues. 
Types which possess glumes of this nature will be referred to 
as “Smooth Black.” 
“Essex Rough Chaff” is, agriculturally, a very familiar variety. 
‘In common with most other types of wheat it has glumes entirely 
devoid of the black colour which characterises the other parent. 
There is a further distinction between its glumes and those of 
Smooth Black, viz. the presence of numerous hairs. This com- 
bination of characters in the glume is designated by the term 
“Rough White.” 
In all, the second generation which resulted from the crossing 
of these two varieties contained 213 plants. Sorting by eye— 
which was fully confirmed by an examination with the dissecting 
microscope—furnished the following classification : 


Rough Black Rough White Smooth Black Smooth White 
120 45 AT 3 
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If repulsion occur on a 1 : 3::3:1 basis between “Roughness” | 
and “ Blackness,” the theoretical expectation for this case is: | 
4 i 


109°8 49:9 49-9 33 
The results of the single character classifications are as follows: 


Rough : Smooth :: 163 : 50 
Black : White :: 167 : 46 


the expectation being in each case 160 : 53. The probable error| 
of the number of dominants is 4°3 and hence the agreement with} 
expectation is satisfactory. 

In another note* there appears a method of determining the! 
best coupling or repulsion series for a set of observed data. | 
Employing that method for this case, the best series is found | 
to be: | 


Ihe DRG) 22 DENG 2 IL. 


In the paper already referred to, the results are examined by! 
Pearson’s Method+ for the probability of the fit of an observed to! 
an expected series. It is apparent from the examination that the| 
probability of the existence of repulsion on the 1:3 ::3: 1 basis! 
between “Roughness” and “Blackness” in wheat is quite asi 
great as that of the existence of coupling and repulsion which has}! 
been described in the cases of other plants. 

A point of some interest lies in the fact that blackness appears’ 
not to be a simple character—not simple in the sense of not being | 
present always to the same extent. Some of the second generation | 
plants are so black that they are indistinguishable from the black | 
parental type, while others show merely a small black patch on| 
the glume. The interval between these extremes is fairly | 
uniformly filled by plants of intermediate blackness. It must, 
however, be remarked that blackness when present is readily, 
detected. White glumed plants which have been discoloured by, 
disease sometimes resemble plants with small black patches but) 
the patches caused by disease are not similarly placed on all the 
glumes of the ear and they may be almost completely removed by’ 
scraping gently with a sharp knife. | 

The presence of blackness to so varying a degree can with’ 
difficulty be conceived to be produced and controlled by one. 
factor only. One factor or combination of factors common to all! 
the black plants and accompanied in some cases by an intensor or! 


partially inhibitor factor is the explanation which at once suggests | 
itself. 


b) b) ? 


mination of the Best Value of a Coupling Ratio from a given set of data.” 
+ Pearson, Phil, Mag. vol. u, 1900, 


* Yule and Engledow, Proc. Camb. Phil. Soc., Vol. xvu., Part 5, ‘‘The Deter- 
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That still other factors must be assumed to be concerned in 
this colour effect is clear from an examination of the parentage 
of “Smooth Black.” The black appeared in the second generation 
of a cross in which neither of the parents showed the black colour. 
This, of course, would lead us to assume that in each parent is a 
factor which alone cannot produce blackness but united with the 
other has this effect. No simple explanation can, however, be 
furnished on these lines and it seems probable that before the 
question can be settled more knowledge will have to be obtained 
of the nature of true “black” and “grey.” ‘Transverse sections of 
the glumes may be of some assistance in this respect. Meantime, 
the repulsion above described seems certain and from the nature 
of the case there appears to be a strong probability that Rivet 
“orey ” and true “black” are very closely related. It is hoped to 
elucidate this matter by further crosses next summer. 

A double confirmation of the existence of repulsion between 
blackness and roughness seems possible. The doubly heterozygous 
members of the second generation ought to exhibit repulsion ; 
and coupling between the two characters should result from the 
erossing of “Rough Black” and “Smooth White.” These two 
types can, of course, be obtained from the second generation which 
exhibited the repulsion. 


bo 
ie) 
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The determination of the best value of the coupling-ratio from a 
given set of data. By F. L. ENGLEpow, B.A., St John’s College, 
and G. Upny YutE, M.A., St John’s College, University Lecturer — 
in Statistics. 


[Read 9 March 1914.] 


Many workers in Mendelism who have come across cases im | 
which coupling or repulsion occurred must have felt the necessity — 
for some general method by which to determine from their data _ 
the best value to assign to the coupling-ratio, apart from any — 
theory as to the ratios that are possible. Mr G. N. Collins (Am. | 
Nat., vol. XLVL, 1912) is, so far as we are aware, the only writer who | 
has suggested any such method. He worked out the value ofa | 
coefficient of association for the whole series of possible ratios, | 
1:1:1:1, 2:1:1: 2, etc, and then used the observed value of | 
the same coefficient to decide which ratio gave the best agreement | 
with the facts. While this method is very simple and convenient, 
it does not seem to lead to the most advantageous value for the 
ratio. 

The test to be used for the closeness of agreement between the 
theoretical and observed frequencies seems clearly to be that 
developed by Professor Pearson (Phil. Mag., vol. L., 1900). If 
FF ,F,F, etc. are a set of theoretical or expected frequencies and 
F/F.F. F{ ete. are those observed, and if . 


(F— FY 
F >} 


v= > 


the probability P that in random sampling deviation-systems of _ 
equal or greater improbability will arise is a function of y? which — 
decreases continuously as x? increases. The values of this function | 
for any number of frequencies from 3 to 30 have been tabulated — 
by Mr Palin Elderton (Biometrika, vol. 1.). In order to measure | 
the closeness of agreement between an observed set of the four 

| 

| 


frequencies for any pair of characters, and the expectation based 
on any assumed ratio, it is only necessary to work out the value of 
x? and turn up in Mr Elderton’s table the column headed n’=4 | 
where the probability that an equally bad or worse set of deviations 
might arise in sampling will be found. If P is high, the agree- 
ment is good; if low, it is bad. That value of the ratio, then, 
which gives the most satisfactory agreement with the data is the 
value which makes the probability P a maximum or x? a minimum. 
The value of P is not accurate if any frequencies are small, as a | 
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normal distribution of errors is assumed in the calculation of the 
tables, but even from the empirical point of view the method 
suggested seems much better than any now in use. 

Suppose the two factors to be A and B, and let the gametes 
be produced by the heterozygote in the following proportions : 


AB Ab aB ab 
aie O— BY AOD eB). iB 
then, assuming random mating, zygotic forms will be produced in 
the proportions : 
AB Ab aB ab 
(p? + 0°5) (0:25 — p?) (0°25 — p?) {DP 
Let the observed proportions of zygotes be fifrfsfi, where 


fit fot+fs+ fs=1. Then we have to make a minimum the 
quantity 


(p+05-fi? , (025 —p'— fry (Wo ek 4, GES 
p +05 0-25 — p? 0-25 —p? je 


Differentiating with respect to p and equating to zero, we 


find 
(f2+ fe—fe—fe) p+ (O5fe+ fe + fe— 05 fe) p' 
a + 0°25 f2+ 01875 f2—0:0625 f2) p' 
+ 00625 f2p? — 0015625 fP=0 22. ceeces.--s es (i). 


This is an equation of the fourth degree for p?. A first approxi- 
mation to the root required may be obtained by Collins’ method 
or from the formula 


(P= OPE GAAS I= Jb) sossesnssooon occ (2) 


(which gives the value of p that makes the sum of the squares of 
differences least), or by comparison with various calculated series, 


and the solution is then readily obtained by Newton’s method. 


To take the data of the preceding note as an illustration, the 


values of the proportions f are 0°5634, 0:2207, 0:2019, and 0:0141; 
writing w for p?, this gives the equation 


— 0:22814721 + 0:248083.2' + 0:0025662? 
+ 0000012442 — 0:0000031094 = 0. 


The data suggested a gametic ratio 1:3:38:1, which gives 
| p=0125, p?=0:015625. Trial shewed that 0°0156 was not a 
very close approximation to a root; 002 proved nearer to a 


: 
| 


solution, and Newton’s method gave by two approximations 
0: 019715... Hence p=0'1404 and this gives a ratio 1 : 2°56, 
The observed frequencies were then compared with the frequencies 
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to be expected from this ratio, and from the ratio 1:3:3:1, 
The results obtained were 


Ratio 1:3 x? = 2:0974 P=0:554 
puedes, 2G ve SOILS) P=0574 


It will be observed that while the calculated ratio does give the 
better agreement, the difference is slight. In both cases results | 
equally or more divergent from expectation would occur nearly as | 
often as not owing to mere fluctuations of sampling. The result | 
is an illustration of the now recognised fact that a considerable — 
alteration in the coupling-ratio may mean but a small alteration 


in the closeness of fit. 

Two other cases have been tried and gave the following results. 
Collins (loc. cit., p. 579) gives the following data for the characters 
coloured aleurone and horny endosperm in maize. 


Coloured-horny 1774 
Coloured-waxy 263 
White-horny 279 
White-waxy 420 


We find p=0°3891 or a ratio 3509: 1. For this value of the | 
ratio x? is 0°60435 or P =0°947, the calculated frequencies 1782, | 


270, 270, 414 being in very close agreement with those observed. 


For the 3: 1 ratio, x? is 9°106 or P = 0-028, and the divergence is- 


therefore one that would only be likely to occur once in some 
36 trials owing to the fluctuations of random sampling. 

Finally we took the data given by Bateson, Saunders and 
Punnett in the Fourth Report of the Evolution Committee (p. 16) 


for coupling between dark axils and fertility in sweet peas. Here | 


we find p=0'4745, which is equivalent to a ratio 18608 : 1, as 


compared with the ratio 15:1 suggested in the Report and a | 
value “about 20:1” by Collins. The relative merits of the | 


ratios are apparent from the following: 
Ratio 18°608 : 1 x? = 3:'7539 P=0°294 


ests al v= 59226 P=0116 
0c 72=38975 P=0275 


The ratio 15:1 is clearly much the poorest of these three: a worse 
fit is only likely to occur, owing to fluctuations of sampling, some. 


12 times in 100. A worse fit than that given by 20 : 1 may occur 
some 27 times in 100, and a worse fit than that given by our 


calculated ratio some 29 times in 100. The figures again shew, | 


however, how great differences may be made in the coupling-ratio 
assumed without creating an impossible discordance between 
assumptions and fact. The mere agreement of the data, within 


the possible limits of fluctuations of sampling, with the frequencies | 


7 


{ 
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deduced from some assumed ratio—as in the case of the above 
data for peas and the ratio 15 : 1—1s very slight evidence in favour 
of the truth of the assumption, especially where the coupling-ratio 
is high, at least with such moderate numbers of observations as 
are at present available. Some light might, however, be thrown 
on the theory of reduplication by carrying out an examination of 
all the available cases, determining p or the coupling-ratio for each 
by equation (1). Such an examination we hope to carry out. 

As p is not expressed explicitly as a function of the propor- 
tionate frequencies f by equation (1), we do not see our way to 
give its probable error by this method of determination. The 
value given by (2), however, is in some cases close to the value 
given by (1), viz. if no one of the frequencies is very small (cf. the 
data below), and its standard error can be determined without 
difficulty on the usual, though hardly quite justifiable, assumption 
that deviations in the frequencies are small compared with their 
mean values. As the standard errors by the two methods of 
determination are likely to be of the same order of magnitude, it 
seems worth while stating the result as at least a rough guide to 
the possible magnitude of fluctuations. Ditferentiating both sides 
of equation (2), squaring and summing, we have, utilising known 
results for the sums of squares and product sums (cf. e.g. Yule, Jl. 
Stat. Soc. 1912, p. 601), 


ae) ees , 
where ¢, is the standard error of p (to be multiplied by 0°6745 to 
obtain the probable error) and JN is the number of observations. 
If there is coupling (p > 0°25), the coupling-ratio r = p/(0°5 — p). 
Differentiating, squaring and summing again, we have 


CH= oS F cupaddcOnaoddOODODOCO000D (4). 


Standard error of the 


Neinber Value of p from r from values from (2) 
of obser- 
vations 
Case (1) (2) (1) (2) p r 


Wheat 213 0-1404 | 0-1968 || 2:5 
Maize | 2736 || 0°3891 | 0°3885 || 3-5 
Peas 885 0:4745 | 0:4744 || 18-6 


2°56 | 1:54 || 0:0430 0:56 
1; 3-48}/ 0:0049 | 0:20 
18-5 || 0°00385 , 2°94 


If there is repulsion (p< 0°25), the repulsion-ratio is (0°5 —p)/p 
and p* must be read for (0°5 — p)‘ in the denominator of the above 
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expression. The table shews for comparison the values of p and : 


r given by equation (1) and equation (2) respectively, and the 
standard errors of p and of 7 as obtained by the latter method. 

In the first case the two equations give very divergent results, 
the unsuitability of equation (2) for general use being shewn by 
its failure to give a good approximation to the best value of the 
ratio. In this case, no doubt, we must also regard the standard error 
of r (0°56) as of very uncertain validity. The magnitude of the 
standard error of r in the last case—nearly 3 units—again 


emphasises the caution that must be used before attaching — 


importance to the precise values of these high coupling-ratios. 
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A Contribution to the Theory of Relative Position*. By NORBERT 
WieENER, Ph.D. (Communicated by Mr G. H. Hardy.) 


[Recewed 14 March 1914. } 


The theory of relations is one of the most interesting depart- 
ments of the new mathematical logic. The relations which have 
been most thoroughly studied are the series: that 1s, relations 
which are contained in diversity, transitive, and connected or, in 
Mr Russell’s symbolism, those relations R of which the following 
proposition is true: 


RGJ.RER. Rv Rol POR=ORF OR. 


Cantor, Dedekind, Frege, Schroder, Burali-Forti, Huntington, 
Whitehead, and Russell, are among those who have helped to 
give us an almost exhaustive account of the more fundamental 
properties of series. There is a class of relations closely allied to 
series, however, which has received very scant attention from the 
mathematical logicians. Examples of the sort of relation to which 
I am referring are the relation between two events in time when 
one completely precedes the other, or the relation between two 
intervals on a line when one lies to the left of the other, and does 
not overlap it, or, in general, the relation between two stretches 
a and #, of terms of a series A, when any term lying in a bears 
the relation R to any term lying in @. Relations of this sort, 
which I shall call relations of complete sequence, differ in general 
from series in not being connected: that is, for example, it is not 
necessary that of two distinct events, each of which wholly 
precedes or follows some other event, one should wholly precede 
the other, for the times of their occurrence may overlap. But in 
all the instances we have given, the relation of complete sequence 
is closely bound up with some serial relation: the relation of 
succession between the events of time is intimately related to the 
series of its instants, the relation between two intervals on a line 
one of which lies completely to the other’s left is intimately related 
to the series of the points on the line, and so on. These con- 
siderations lead us to the general questions, (1) what are the 
formal properties which characterise relations of the sort we have 


* The subject of this paper was suggested to me by Mr Bertrand Russell, and 
the paper itself is the result of an attempt to simplify and generalize certain notions 
used by him in his treatment of the relation between the series of events and the 
series of instants. 
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called relations of complete sequence? and (2) what is the nature 
of the connection between relations of complete sequence and | 
series ? } 

One very general property which belongs to relations of the | 
sort we have called relations of complete sequence is that they | 
never hold between a given term and itself. This property—that | 
of being contained in diversity—they share with series proper, | 
Writing cs for the class of relations of complete sequence, we can | 
represent this fact in the symbolism of the Principia Mathematica | 
of Whitehead and Russell by the formula 


es CRI‘. 
Another property they share with series is that of transitivity. ‘ 


If, for example, the event x wholly precedes the event y, while _ 
the event y wholly precedes the event z, the event « wholly | 
precedes the event z. But they possess another property more | 
powerful logically, which may be called a generalized form of | 
transitivity. If the event x wholly precedes the event y, and 
the event y neither wholly precedes nor wholly follows the 
event z, while the event z wholly precedes the event w, then : 
the event # will wholly precede the event w. All the other | 
relations which we have mentioned as examples of relations of | 
complete precedence will be found to possess the same property, 

| 


which, moreover, will be satisfied by all those relations which we | 
would naturally call relations of complete precedence. We may,. 
then, so define “relations of complete precedence” as to regard 
this as a property common to all such relations. In symbols, we | 
shall then have F 


t csCR{R|(+R+R)|RER. 


The relation (+ R+ R), with its field limited to that of R, is 
what we ordinarily know as simultaneity. In most theories of | 
time and of relations of complete precedence, it has been thought | 
necessary to treat precedence and simultaneity as codrdinate | 
primitive ideas. Nevertheless, those who hold such theories have | 
to assume such propositions as the following, in order to make 
simultaneity and precedence possess the appropriate formal | 
properties* : i 


b.SAP=A, 

b. Su Pw P= fp ors, 
b. SES, 

. OS = OP. 


* In the following list of propositions, § stands for ‘is simultaneous with,’ 
and P for ‘ precedes.’ 
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From these it is an easy matter to deduce that 


Po (2122/2) Owe 

while on the hypothesis that PCJ, the converse deduction can 
readily be made. Therefore, we may define simultaneity as that 
relation which holds between w and y when both either follow or 
precede something and neither precedes the other. The second 
property of relations of complete sequence may, then, be inter- 
preted to state that if R is such a relation, then if xRy, y-is- 
simultaneous-with-respect-to-R to z*, and zRw, then «Rw. 

We shall find that most of the properties of relations of the 
sort of complete temporal succession between events follow from 
the two conditions which we have mentioned above—indeed, many 
of the most important ones follow from the second alone—so that 
we shall define a relation of complete succession as one which 
satisfies those two conditions: in other words, we shall make the 
following definition : 


#0014. cs=RISn RIR|(+R=R)|RER} De 
Moreover, as we shall have frequent cause to refer to the relation 


(+P=P)t C*P, and as this expression is rather unwieldy, we shall 
abbreviate it as follows: 


02, P.=(+P+P)[CP Df. 

Now the question arises, how are the members of ces related to 
series? How, for example, is the relation between an event and 
another that completely succeeds it related to the relation between 
an instant and another that follows it? Two methods of procedure 
are open to us; we may define an event as a class of instants, and 
derive succession between events from that between instants, or we 
may define an instant as the class of all the events that occur at it. 
Both these methods seem to have certain inherent disadvantages : 
if we choose the first method, then we cannot consider the possi- 
bility of several events occurring with the same times of beginning 
and ending, whereas if we choose the second alternative, we cannot 
consider the possibility of all the events of one moment happening 
also at another and vice versa. However, we shall choose the 
latter method of procedure, since cs is a more general notion than 
ser. This can be proved as follows: 


+. R|(+R+R)|R=R|[(+R+R)ECR]|R 
=h|@7(a~Ry.y—Ra.a,yeCR)R (1) 
* In this paper, ‘a-is-simultaneous-with-respect-to-R to y’ will be interpreted 


as meaning ¢[C(+R+R) > C‘R] y. 
+ I follow the method of the Principia Mathematica of Russell and Whitehead. 
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: Reconex.>.R|(-=£R+R)|R= R29 (e@=y)|R 
Rae 
=R\R (2) 
+: Reser.D>.R\(+R=R)| RGR. ReRI. 


D.Recs (3) 
fe (3) erser Ges: 


Moreover, it has been shown by Mr Russell that it is advan-_ 


tageous for purposes of methodological simplicity to regard the 
instants of time as constructions from its events. This is an 
additional reason for starting from the members of cs and forming 
‘certain members of ser as functions of them. Let us, then, agree 
that an instant, for example, is to be regarded as a class of events, 
and a point on a line as a class of the segments of the line, for the 
purposes of this paper. The question then arises, when is a class 
of events an instant, and when is a class of segments a point? It 
is obvious on inspection that not every class of events is an instant: 
all the events which make up a given instant must be simultaneous 
with one another, and all the events which are simultaneous with 
every member of the instant must belong to that instant. More- 
over, A must not be.an instant. It can also be seen readily that 


any class satisfying these conditions will be an instant. That is, 


if P is the relation of an event to an event which completely follows 
it, it is a simple matter to show that the class of all instants is 


—> 
eS we oe 


One instant precedes another when and only when some event 
belonging to the one entirely precedes some event belonging to 
the other. That is, calling the relation of precedence between 
instants inst‘P, we can easily show that we have 


v => 
Pe inst]2 —(e922)\p@ (= pleases 


Let me now make the following definitions for any value 


of P: 
=—_> 
SOUR, goa GS pe. Df. 
PhO a OM (622) can De 
I wish to show that 
L. inst“ (R| R,,| R GR} Cser, 


* This definition is due to Mr Russell. 
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| and hence that 
F . inst*‘es C ser. 


This shows us how we can construct a serial relation from any 
relation of the same sort as complete succession ; or, indeed, from 
any relation agreeing with it in only one respect. 

. A | 
#01. | .inst“h {Rh | R,,| R © R} Cser. 
ie Proof. 
It is easy to show that 


Li aS = 
a= pE Ma. B= pe. eB -(qr,y)-vea.yeB.xPy (1) 


from the definitions of ee and tp. From this we can deduce 
iE: pmsi-e 3.) . b= oP“B. (qv,y).vea.yeB.rv~aPyy, 


since, by the definition of P,., ePy and wP,.y are incompatible. 
This reduces to 


= = 
meeomst Pe. D. B=pP,.“8.(qe).vea.~(vep'P,,“*8), 
from which we can deduce 
F:ainst‘P8.3,,2.aJ8 
Ge F.inst‘Pe RIV (2) 
Also, we find from (1) that 
F:ainst‘P8. Binst‘Py.). 
= = = 
eS p Pa B= pPeB “y = p* P.M“ y : 
(qx, y,U,v).vea.yueP.vey.aPy.uPr. 
This implies 
F:ainst‘P@. Binst‘Py.). 
= > 
eel — Pens cy lala, Y) CE Vie cy ble || lee lad 
This, together with (1), gives us 
F.inst“R{R| R,,| RG R} C trans: (3) 
By the definitions of inst and rp, we find that 
= = 
meee Cinst PD .a=pP..“a.8 =p P48. 


By an easy deduction, we can arrive, from this proposition and 
the definition of P,,, at the proposition 


= > 
meee O-mst©P .D:.0—p' Pa. B= p' Pa “Bt 
DEANE > yar UO VO OPEL EN] ate od 


446 Mr Norbert Wiener, A Contribution to the 


whence we get 


= =~ 
Petr Gh (SiO Ns aay @) ao Cie ener (cue IP OS) e. 


=> 
TEa. YER. Dn, y.-~ePy.~yPxi Dd: Wea. Dy. We p' PKB 


> = 
ory ihe: @, 3 eComstve >) so — pola) — ap nad ne 


wea. ye B.d,,.~aePy.~ ya: Dee | 


By an exactly similar argument, 


j =. = 
Fira, Be Canst(P.D:.a=p'P,.“a. 8 =p'P,,.“B :. 


wea. yeP.o,,.~ePy.~yka: >. eee ( 


Combining these, we get 
_ ~ 
Pat a Ole OC ainsteh sD) ri pole cl) 0 1) ole nea emen 


eet. ye B.dn,.-~ePy.~yPa sD 50 ee | 


This we may write as 
; = = 
eh GL (Ose yD) on eae el (= DP 2, 
(qa, y).cea.yeB.cPy:v:(qv,y).vea.yeR.YPurV sae 
By (1), this becomes 
bana, Se Cmst(P .D:aimst (PG .v. Sinsteeannv aver 
or +. inst*P e connex (4) 


Combining (2), (3), and (4), we get the desired conclusion; | 


namely, 

t. inst““R {R| R,, | RE R} C ser. 
From this we can easily conclude that 
F . inst‘‘cs C ser. 


It will be noticed that two of the three serial properties of 


inst“P—its being contained in diversity and its connexity—are 
independent of the properties of P itself. It is especially notice- 


able that no use is made of P G J in proving inst‘P G J, nor, indeed, ~ 


in deducing any of thé serial properties of inst‘P. inst is a valuable 
tool for what Mr Russell calls “fattening out” a relation: Le. 


deriving from a non-serial relation a relation with many of the — 


properties of series*. 
It is interesting to consider under what conditions inst‘P will 
be compact. If we define esd as follows: 


ax u vu aS 
x02. esd=csn K(k CA R,.| hk. h| RC & |mim_| ieee 


* Since writing this article, I have discovered an operation which will turn any 
relation into a series (though not necessarily an existent one) and will leave un- 
changed the relation-number of any series to which it is applied. It is the 
operation which transforms P into inst‘[(inst‘P),,]. 
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we shall find that Recsd is a sufficient condition for the density 
‘of inst‘R. This condition says that (1) R is a relation of complete 
sequence, (2) if « precedes y by the relation Rk, there are two 
members of the field of R neither of which bears the relation R 
to the other, while # precedes the one by R, while the other 
precedes y by R, (8) if a follows by R some R-contemporary of y, 
it follows some initial R-contemporary of y. This latter condition, 
which was first formulated by Mr Russell, ensures that if ve C‘R 


| 
} 
i 
} 


> > 
and Reesd, minp‘R,,.{veTp. This I now wish to prove. 


> > 
et. fF: Peesd.ceC’P. >. minp‘P,,“ve rp. 
Proof. 


— 
It follows from the definition of p‘« and minp‘a@ that 
Pp 


ft 
Hy 
} 


. i > 2S vu => 

ipep F.. minp P,,“« = 7 {ae P.e“| Pa a CS P— P“P.,§2|.3.. yea. 
‘Since it follows from the definition of P,, that +.C‘P,,C C*P, 
this reduces to 


—— > - 2 = vy > 
meeeee.. minp P...2—% lace P..“[ P60 — P“ Pot]. D..¥,€ ah: 


| This becomes by a little manipulation 
. ao ie to v 
Ue: p-P..“minp’P,,°2 = 9 [2P x. %~2— P| Pye ® 1 Dz + YP oe X} (1) 
| : : — 
On the other hand, it follows from the definition of minp‘a that 


= = vy 
Fa minp! Pe = 9 [yPoo ty P| Poe x}. 
Since by definition any & which belongs to esd satisfies the 


3 u u —> 
‘condition, #| R,,€ R| ming| R,., we get 


Ean eed S =) 
(Pi Pecsd.d.minp‘P,e= 7 yPs. @ .y — P| minp| P,, a}. 
From this we may deduce 


> 2 
MeePccsd. >. minp'P,,2=9 {y Px. 


| 2P_0.2-+ P| Pyntd,tyPz.V.y + P2.2+ Py.y,2eCP). 


But when yPz is the correct alternative in the conclusion of the 
_ Second proposition in the brackets, together with yP,, 7, this gives 


us zP|P,,2, which contradicts the hypothesis. Hence, by the 
definition of P,., we have 


: eee eccsd. 2D. 
en ue 
MMM hee OY (Yl 02 2 ge. 2 P|) Pie. D;.yP 2} (2) 


Now, it is part of the hypothesis Pecsd that PG J. From this it | 
is easy to deduce that J[C‘PG P,,, or that reC‘P.9,.2P,. a | 
Moreover, it follows from the definition of P,, that yPx and yP..@ | 
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are incompatible hypotheses, and hence that Bete |P..%. Thm 
fact, combined with (1), gives us 


27> 27 CS 
PAP eel se eOUP s 2) 5 Ue. mn seca 
SO) Ue Gam E88 =P | Pye Ba Doe Yl ae 2) 
From (2), (8), and the definition of tp, we have 


ro/Peg@d,aweGvP.>- 


minp‘P,, ‘7 = p*P,.“‘minp‘ P,,‘« . D . Minp Pema 


This is the desired proposition. 
It will be observed that the only portions of the hypothesis _ 
of Pecsd of which we actually make use in this theorem are 


PGJ and P| P,,.€ P| minp|P,,. The theorem ensures us that | 
t.CSP Cs‘rp: that is, in the case of time, that each event shall | 
be at some instant—the instant at which it begins. For, since | 


= 
PGJ, IF} CPCP,,. This ensures that ce P,,“2. Moreover) age 
v v=— 
we have just seen, a+ P| P,,x, or we — P“P'x. Therefore, if 
> vy > - 
ceCP, xe P,,'aan CiP — P“P,,‘a, or xe minp‘P,,‘2. As we have | 
—p 
proved in *0:21 that minp‘P,,‘ve7Tp, we get the formula 
POEMS S*Tp. 
I now wish to prove that inst“‘esd C comp. 
*0°22. |. inst*‘esd C comp. 


Proof. 
As we saw in *0'1, (1), 


Dace 20 0a pee a, ane oe. 

(Hv, y)-vea.yeR.aPy. 
Since FR ecsd, by definition, implies & € &| R,, | R, this gives us 
ne elcsde > tens tela 6 a> 


=> => 
a=pP..“a.B=p'P. 8. (Ha, 7) = 2 eo. Vie Gm) 
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uU vu —> 
Since Recsd also implies R| R C R| ming| #,,, this becomes 
i : = iy 
fee ccd: D:ainst\PO.D.0= pP,,“a.B=p'P. ‘8 - 
i Se 
2 
(qa, y).c2ea.yeB.xP||minp| P,.|| Py. 
i Se 
ic 
«P|{minp|P,,|| Py says that there are a wu and a v such that 
aPu, ey: and yminp|P,,u. This latter proposition is equivalent 
=> > > 
to ve oni p'P,.“u. We have just seen, moreover, that ue minp‘P,, u, 


land that minp‘P,,we tp. This gives us 
Fi: Pecsd:.3:. nantes De 
= > 72 OS 
cco 2) 5 Pa. s= ae a Hine DERE CUTE Dayan ae lezen ey 
—> 
(ae Y)- cea. yeR.u,ve nob Wh dP 3 QUE D. 
‘From this and *0°1, (1) it is an easy matter to deduce that 
Fs. Pecsd: D: ainst‘PB.D.(qy) - ainst’Py . y inst*PB. 
This gives us immediately 
‘F . inst“csd C comp. 


It will be noticed that it is not true that esd Ccomp. For 
example, if P is the relation of complete succession between one- 
inch stretches on a line, P will be a member of esd, and an inch 
stretch beginning half an inch after the end of another will bear 
the relation P to it, yet there will be no inch stretch to which the 
first bears the relation P and which bears the relation P to the 
second. PG P|P,.|P is a weaker hypothesis than PG P?, which 
implies it if PCJ. 
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On an Application of the Molecular Field wn Diamagneme 
Substances. By A. E. Ox ey, B.A., Coutts Trotter Student, 
Trinity College. 


[Read 23 February 1914. | | 


It is well known how Nernst and Lindemann* have extended 
the formula, given by Einstein, for the variation of the specific! 
heat of substances with temperature. Although the new formula} 
expresses the experimental results with moderate degree of ac-| 
curacy, yet, in the neighbourhood of the fusion point, there is an | 
abnormally large departure, the experimental value of the specific 
heat being always greater than the calculated value. The 
empirical expansion term, aS? (a, coefficient of expansion; S$, 
absolute temperature), used by Lindemann does not satisfactorily | 
account for the discrepancy f. 
Later Debyet has modified the Planck-Kinstein theory and | 
given a relation between the thermal properties and the claema) 
constants of a substance. 

In a crystalline substance we must regard the molecules as. 
subjected to large local forces which hold the molecules in position | 
in the crystalline structure, and if at the higher temperatures. 
the molecules begin to vibrate under the control of these forces, 
then we should expect the experimental value of the specific heat 
to be greater than that calculated on Debye’s theory. : 

It has been shown|| that we may interpret the forces which | 
hold.the molecules in position in a diamagnetic crystalline strue- ‘ 
ture, magnetically, and if we do so the magnetic energy associated | 
with one gramme of the substance may be written {] j 

4 i 


ee 


{ 

* Sitz. d. preuss. Akad. d. Wiss., p. 347, 1911. é ‘| 

+ See the memoirs by Nernst and Einstein, La Théorie du Rayonnement et les f 
Quanta, Paris, 1912; particularly p. 272. i 

+ Ann. der Phys., iv. vol. 39, p. 789, 1912. 4 

§ See Jeans, Phil. Mag., v1. vol. 17, p. 771, 1909. I am indebted to Mr Hzer | 
Griffiths for pointing out the work of Jeans in this connection. q 

| A. BE. Oxley, Phil. Trans. Roy. Soc., 1914 (Unpublished). 

4] On the electron theory of magnetism developed by Langevin, a diamagnetic 
molecule has no initial magnetic moment and the resultant force due to it will be | 
negligibly small except at points whose distances from the molecule are comparable 
with molecular dimensions. l 

If i be the local magnetic moment between any two molecules and h the local | 
intensity of the magnetic field, then the magnetic energy associated with one ¢.¢. | 
of the substance is | 

4>/a|| Al, | 


Ba 
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where a,’ is the constant of the molecular field of the diamagnetic 
‘substance, J is the aggregate of the local intensities of magnet- 
ization per unit volume, and p is the density of the substance. 
This is analogous to the case of ferro-magnetism, given by Weiss%*, 
where the magnetic energy term is 

N/2 

gp css per gram. 

N is the constant of the ferro-magnetic field, / the saturation 
intensity of magnetization and D the density of the substance. 

If, as the diamagnetic crystalline substance is heated, the 
‘molecules perform rotational vibrations under the influence of 
the intense local forces, more heat must be supplied for a given 
rise of temperature than would be necessary if the molecules did 
‘not rotate. The corresponding increase of specific heat is given 
by the term 


where J is the mechanical equivalent of the calorie. 

: The molecular field, by which we may interpret the forces 
within the crystalline structure, is a,J, and is of the order of 
magnitude of the ferro-magnetic field of Weiss (10’ gauss). Hence, 
as in the case of ferro-magnetic substances, we may expect that 
the above term will form an appreciable fraction of the specific 
heat. Moreover, the expression (2) passes through a maximum 
in the neighbourhood of the fusion point. 

In so far as we can test the above experimentally, there seems 
_to be evidence in favour of the additional specific heat represented 
by (2). For sodiwm+ and mercury} there is a decided maximum 
of the specific heat in the neighbourhood of the fusion point such 
as (2) demands. A large number of substances have been in- 
vestigated by Nernst and Lindemann§, and they found that in 
general the specific heat is abnormally high as the fusion point 
is approached. 

This work will be continued in a future paper. 


if all the contained elementary systems are independent. Let n be the number of 

molecules per c.c., then we may write $Z|i||h|=4nih. h corresponds to the 

molecular field in terro-magnetism. If we write ni=I and h=a,’.JI, we find that 
LTD 


a 


the energy associated with one c.c. of the substance is eles 


2 
* Journ. de Phys., Sér. tv. vol. 7, p. 249, 1908. 
+ Kzer Griffiths, Proc. Roy. Soc., vol. 89 A, p. 561, 1914. 
+ The values for mercury were taken from the Tables of Physical Constants 
published by the Société Francaise de Physique, 1913, p. 305. 
§ La Théorie du Rayonnement et les Quanta, Paris, 1912. 
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\Thompsonia,a little known Crustacean Parasite. (Preliminary Note.) 
| By F. A. Ports, M.A., Trinity Hall. 


[Read 4 May 1914.] 


Thompsoma is a genus of Cirripedia belonging to the parasitic 
family the Rhizocephala, and was first noted by Kossmann* in 
11874 as a parasite upon the small crab Melia tesselata from the 
Philippines. Since that time it has been described by Coutieret 
junder the name of Thylacoplethus as a parasite of Alpheids in Kast 
Indian and Australian waters, and by Hafelet and Kruger§ from 
the crab Pilumnus and the hermit crab ELupagurus middendorfiu 
lott the coasts of Japan. I have little hesitation in including all 
lthese forms in the same genus, even though Thompsonia thus 
enjoys a far greater diversity of hosts than any other Rhizocephalan, 
/for as a rule each genus is strictly confined to the same subdivision 
jof the Decapoda. In 1913 I accompanied the expedition of the 
\Carnegie Institution of Washington to Torres Straits at the kind 
linvitation of Dr A. G. Mayer, and during a short stay at Murray 
Asland I collected nearly twenty individuals of a species of 
Synalpheus, commensal with the crinoid Comatula parvicirra, 
\infected by a parasite which is clearly identical with Coutiére’s 
genus Thylacoplethus. I also obtained a specimen of the swimming 


* Arb. Zoot. Inst., Wiirzburg, Bd. 1. p. 97, 1874. 

+ C. R. Acad. Sci. Paris, T. cxxxiv. pp. 913 and 1452, 1902, 
+ Abh. Akad. Miinchen, 2 Suppl. Bd. 7 Abh, 1911. 

§ loc. cit. 2 Suppl. Bd, 8 Abh. 1912. 
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crab Thalamita prymna, strongly parasitised by a form resembling 
Thompsoma. An examination of the material from these two 
sources and a careful comparison with the published accounts 
of Coutiére and Hafele leads me to conclude that Coutiere’s genus ; 
should not be retained. | 
The cardinal point which comes from this research is that | 
previous investigators were entirely mistaken in their coneeption 
of the organisation and life history of the parasite. The reason | 
for this is to be found in the fact that they were unable to i 
examine living or well fixed material which is necessary for 
successfully tracing the course of the root system. ) 
Externally the parasite consists of a number of small eaternal 
sacs, sometimes as many as 200 on a single host, which a 


| 
| 
| 


; 
: 
1 
| 
| 


Fie. 1. Abdominal appendage of Snntenbe infected by Thompsonia x 120. 
To show the branching root system connecting the very young external sacs. The 
specimen was fixed with corrosive sublimate and stained with borax carmine. | 
The roots therefore have taken up very little stain compared with the tissues of the 
host and are shown unshaded. v.m. visceral mass, m. mantle, p. peduncle, cl. 7 
blind branch of root system which after further ‘development will become an | 
external sac. A 


from the limbs, both thoracic and abdominal, occurring so thickly. 
as to seem to embarrass motion. Coutitre and Hafele regard | 
each of these external sacs as a separate individual with a root: 
system of its own, and derived from a Cypris larva. I claim, on 
the other hand, that the external sacs are all budded off from 
one root system continuous throughout the host, and so that each | 
host is parasitised by a single individual and not by a hundred or | 


more gregariously inclined Rhizocephalans. 4 
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_ This conclusion was reached first after an examination of the 
abdominal appendages of an infected Synalpheus. These were 
snipped off from the living animal and examined under the low 
power of a microscope. Each flattened ramus of the appendage 
‘was seen to contain at least one slender root strand of a slightly 
greyish colour (owing to the doubly refringent yolk granules), 
giving off a secondary root to each external sac and generally 
a number of others which end in bulbous enlargements within 
the tissues of the host. The significance of these last will be 
explained later. 
_ Dissection of the trunk of the Alpheid also revealed the exist- 
ence of a network of slender grey roots in the neighbourhood of 
the nerve-cord. The extent of the root system in the body of the 
host was best demonstrated in preserved material. The infected 
Alpheids were fixed both in corrosive sublimate with acetic 
acid, and Flemming’s fluid. The latter gave by far the most 
favourable results, as the yolk granules were blackened by the 
osmic acid of the fluid and it was thus possible to recognise the 
roots and trace their course with the greatest ease. The root 
system is diffuse and is best developed in the ventral body wall, 
and particularly round the nerve cord, but in the thorax it passes 
laterally and dorsally, and in all places gives off branches into 
the musculature. The alimentary canal is not affected, so. the 
root system is not really so widely distributed as that of Sacculina, 
though much more so than that of Peltogaster. From this 
central root system within the trunk there pass out into the 
walking legs, the abdominal swimmerets and the tail fans, lateral 
roots which together with their branches may be distinguished as 
the peripheral root system. The branches of the central system 
show a syncytial epithelium surrounding a central lacunar space, 
and containing large yolk granules: their function is nutritive. 
[he peripheral part of the system has a reproductive function 
on the other hand. The lacunar space is filled with small nuclei 
m scanty cytoplasm, destined to give rise to the reproductive 
sells which develop in the external sacs. The vitelline granules 
wre small and broken up, suggesting that katabolic metabolism 
prevails here over anabolic. In addition to transmitting nourish- 
ment to the existing external sacs these peripheral roots are 
charged with the function of replacing them at the proper time 
oy a new crop. 
. The external sacs are probably homologous with the visceral 
nass of the typical Rhizocephalan, but differ from this in the 
‘mplicity of their structure, a simplicity which is partly due to 
sheir large number and small size. Of the organs contained in 
whe visceral mass of the higher Rhizocephala, the nerve ganglion, 
eproductive ducts, muscular tissue, and probably too the testis, 
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have been lost. The mantle is a thin layer of tissue, also without | 
muscles, existing to secrete the outer envelope of chitin. The 
mantle cavity has virtually disappeared, the inner surface of the | 
mantle being adherent to the visceral mass. Until the larvae 
are advanced in development no aperture is found in the mantle, 
and the envelope of chitin is entire. The visceral mass is occupied 
entirely by the ovary. In this the ova grow, mature, and undergo 
the whole of their development. Reproduction appears to be! 
parthenogenetic, for I have been unable to find any trace of 
a testis or of free spermatozoa. The description of a testis in- 
T. japonica by Hiifele seems to me of very doubtful value: no} 

spermatozoa were observed by him. The Nauplius stage is omitted’ 

from the life history, and the larvae reach the Cypris stage while’ 

still within the egg membranes. When development has reached) 

this point the ovary has completely disintegrated, and eventually) 

the larvae burst their membranes and lie freely within the mantle. | 

At the same time a definite aperture is formed in the mantle at) 

the apex of the sac and a moult of the external cuticle allows the 

larvae to escape. On this point my observations are in agreement' 

with those of Coutiere, and Hafele’s statement as to the absence) 

of an aperture is probably due to the fact that the individuals he! 

examined were not sufficiently mature to show this point. 

As the visceral mass thus disintegrates with the birth of 

a brood of larvae, the question arose whether the stage of 

reproductive maturity is terminated when a single brood has 

been produced. This was answered conclusively by observations 

made upon infected Synalpheus which had been kept in captivity! 

for some days. One or two individuals moulted, and it thus 

became evident that the effect on the host in this respect is more 

comparable to that of Peltogaster on the hermit crab than ol) 

Sacculina on the true crabs, where the moulting function is 

suppressed. In the case which was followed most carefully the 

external sacs were of large size and approaching maturity when 

moulting took place and they were carried away with the 

cast skin. Three days afterwards the appendages were examined 

to see whether any new external parasitic structures were 

visible. A number of pink sacs, much smaller than any observec 

hitherto, but with the characteristic structure of the external sac’ 

were found on the abdominal appendages. Clearly, then, successive 

crops of sacs containing the reproductive organs are produced bj 

the root system. It was mentioned above that the finer divisions 

of the roots observed in the appendages ended sometimes 11 

external sacs and sometimes in club-shaped enlargements whiek 

did not penetrate the cuticle. It is these structures which are 

destined to produce a new crop of external sacs. Already in man) 

' cases the typical organisation can be recognised. The periphera’ 
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layer, which becomes the mantle, is thicker, and its external 
cuticle is more developed, while the distinct central part, crowded 
with small nuclei, represents the visceral mass. A comparison of 
the cast skin with the appendage after moulting shows that the 
“new external sacs appear in different positions to their predecessors. 
_Eyidently then the rootlets which communicated with the old 
external sacs do not regenerate new ones at once. 
It seems very likely that there has been an adjustment of the 
development period of the parasite to the time elapsing between 


Fic. 2. Thompsonia parasitic on Synalpheus showing mature external sacs 
springing from a tail-fan of the host. One is full of mature Cypris larvae: in the 
other the larvae have mostly escaped through the apical aperture ap. The root 
“system, 7, isshown up by the blackened yolk globules it contains. ch. the remnant 
of the chitinous envelope of the external sac. cl. enlargements of roots which 
will later develop into external sacs. Fixed in Flemming’s fluid. 


moults of the host. When the Alpheid under my observation 
cast its skin the external sacs contained advanced larvae, and 
I imagine that the disturbance connected with capture and 
change of conditions brought on the moult slightly before it would 
have normally occurred. If there is no such correspondence 
between the two periods, surely the moult,of the host will suspend 
the development of the parasite and interfere with the mechanism 
for securing the liberation of the larvae. 

_ The existence of crowded nuclei with the thinnest investment 
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of cytoplasm in the lacunar space of the peripheral roots has been 
noticed before. When a club-shaped swelling is formed at the 
end of a rootlet these cellules appear to migrate into its interior 


and form the ovary of the future external sac. An interesting 
parallel may be drawn between Thompsonia and those Hydro- 
medusae in which the gonophores are degenerate in structure 
and the reproductive cells are formed in the coenosare, migrating 
thence into the gonophores. 


A curious thing is noticed on further examination of the — 
peripheral roots. That is the occurrence, among these very small — 
cellules, of much larger bodies, which appear to be segmenting ~ 
eggs corresponding in size and structure with those found within | 


the external sacs. I have not satisfied myself that the stage of 
development of these bodies corresponds to that of the ovarian 
eges. But what can be their fate? Unless they migrate into the 
external sacs they must disintegrate and disappear before develop- 
ment proceeds much further. What are the conditions which 
stimulate the reproductive cells to development whatever their 
situation in the organism? It must however be noticed that 
they are far fewer than those developing within the external sacs. 

The new light which these observations shed upon Thompsonia 


show it to be, not a primitive Rhizocephalan as Coutiere and — 
Hafele maintain it to be, but on the contrary the most specialised _ 
member of the group. The simplicity of the structure of the — 
external sacs is a secondary condition. Sacculina and Peltogaster 
still show in their external sacs a certain morphological resemblance | 
to the non-parasitic Cirripede. But the external sacs of Thompsonia — 


are little more than ovaries placed externally to allow of the 
escape of the larvae. The adoption of parthenogenesis (I feel 


little doubt that this is the method of reproduction here, as in | 


Sylon and Mycetomorpha) has made it possible to dispense with 
testes and gonadial ducts. The fact that these external sacs can 


be produced with great economy of material allows the appearance | 
of successive crops. But assuming, as I thus do, that Thompsonia — 


with its highly specialised root system and peculiar method of re- 


production is descended from an ancestor, resembling Sacculina and | 
Peltogaster in many respects, can we in any way trace the course © 
of evolution? I think some clue is afforded by the consideration | 
of Peltogaster socialis.* This parasite of hermit crabs is rarely — 


if ever alone; often there are a hundred or more external sacs, 
But it differs from Thompsonia in two most important particulars. — 
Firstly, the external sac is well developed, being similar in almost 


all respects to that of other species of Peltogaster; and secondly, 


the root systems of adjacent external sacs, as well as the sacs: 


* Smith, Fauna u. Flora Golfe v. Neapel. Rhizocephala, 1906, p. 57. Compare 
also Peltogasterella socialis, Kriiger, if this form is really distinct. - ; 
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themselves, are said to be distinct even in the internal stage. 
As in Thompsonia so here, the external sacs on each host are 
always in the same stage of development, so that the only alterna- 
tive to a theory of origin by internal budding from a single Cypris 
larva, advanced by Geoffrey Smith, is that of simultaneous fixation 
of a crowd of gregariously inclined larvae. But the phenomena 
are so similar in the two forms that I venture to think that the 
same broad explanation must cover both. The proof of a budding 
process in Thompsonia, which I offer here, is in my view important, 
if indirect, support for Geoffrey Smith’s theory for Peltogaster 
socialis. It would be absurd to suppose that this latter species is 
on the same line of descent as Thompsonia, but it shows that the - 
latter genus may well have had an ancestor with many external 
‘sacs of normal Rhizocephalan type. 

A full account of this form, and also of Hapalocarcinus, 
described in the next paper, will appear later in the publications 
of the Department of Marine Biology of the Carnegie Institute of 
Washington, and I am indebted to Dr A. G. Mayer for permission 
to publish these preliminary notes. 


| 
| 
| 


460 Mr Potts, The gall-forming Crab, Hapalocarcinus. 


| 
| 
The gall-forming Crab, Hapalocarcinus. (Preliminary Note.) By . 

F. A. Ports, M.A, Trinity Hall. | 


[Read 4 May 1914.} 

Hapalocarcinus is a genus of Brachyrhynch crabs very small in ( 
size and profoundly modified owing to the fact that they pass the « 
greater part of their lives confined in small cavities in coral, 
colonies. At an early age the crab settles between two branchlets, : 
usually terminal, and so influence their further growth that they ) 
broaden and, later, unite to form the so-called gall, a lenticular or j, 
spherical structure, about the size of a hazel nut. Within this is | 
the living chamber of the crab which communicates with the 
outside water by a series of apertures. Information about the 
biology of this form is however particularly scattered and incom- | 
plete, and while the structure of the adult female is fairly well | 
known and the systematic position has been adequately discussed | 
by Dr W. T. Calman*, the male has remained undiscovered up till | 
the present. I am greatly obliged to Dr Calman who directed my ! 
attention to this teresting creature and the need for a connected | 
account of it. 

| 


I found Hapalocarcinus during the month of October, 1913, | 
existing in great numbers on the reefs of Murray Island at the | 
north end of the Great Barrier Reef of Australia. It here forms | 
galls on two species of branching Madreporarian corals Pocillopora 
caespitosa and Seriatopora hystrix, both belonging to the same } 
family, the Pocilloporidae and characterised by dichotomous : 
branching. Both are widely distributed and dominant forms but | 
the former is the favourite host of Hapalocarcinus and in the still | 
waters which cover the inner reef there is hardly a colony which | 
does not bear at least one of the galls, while some show nine or ° 
ten in various stages of development. The ease with which the » 
growth of the colonies can be modified by external agencies | 
accounts for the attraction which Pocillopora possesses for the - 
gall-forming crab. No coral shows more variation under different — 
environmental conditions. Seriatopora shows less power of response — 
to the influence of currents. Galls are by no means so common as 
in Pocilopora for they represent a much greater interference with — 
the type of branching. ‘The remarks which follow are then con- 
fined to Pocillopora, the abundance of the material and the 
uniformity of development giving great facility to study. 

It the first place it may be stated that though the galls 
themselves vary greatly in development, there is a general relation 


* W. T. Calman, Trans. Linn. Soc. Zoology, 2nd Ser. Vol. vu. Pt 1. p. 43. 


Mr Potts, The gall-forming Crab, Hapalocarcinus. 461 


between the state of development and the size of the crab it 
contains. In all cases the gall appears to be formed and in- 
habited by a solitary female individual. Those in the younger 
“open” galls, where the two constituent branches have not yet 
approached each other and fused, are immature: those in the 
older “closed” galls are mature and often the abdominal appendages 
are laden with developing eggs. 

The young female crab probably commences its sedentary life 
by settling down in the notch at the apex of a recently divided 
branchlet. She is at this period a small flat creature, little more 
than a millimetre in carapace length. Her position at the growing 
point allows her to control the future development of the branch. 

The initial modification of growth is probably due to the mere 
mechanical effect of the continued presence of the animal. The 
two branches, instead of remaining cylindrical, broaden out. They 
then approximate above and laterally, thus partially enclosing a 
chamber which is large enough to contain the crab with comfort. 
In the diagrams which illustrate this paper the chamber is referred 
toas A. In the second stage of construction of the gall a much 
larger upper chamber (B) is formed by the continued growth of 
the two branches. During nearly the whole time the crab remains 
an inhabitant of A. It is not until the two walls of the upper 
chamber have almost met, that she finds her earlier quarters too 
restricted and transfers herself to the upper chamber at the time 
when it is ready for occupation. Just before fertilisation the 
ovary begins to grow rapidly, causing so great a development of 
the abdomen that more spacious accommodation is quickly needed. 
This is provided by the new chamber (B) of the gall. 

It follows then, that since the crab only enters into occupation 
on completion of the work, she must influence the growth of the 
branches in a manner more indirect than, though quite as effective 
as, at first. It is rather difficult to explain the precise influences 
which give the gall its characteristic and constant shape, but it 
can be stated that if the respiratory current of the crab is not the 
sole external factor which is responsible it is at any rate the most 
important. By means of powdered carmine spilt in a small 
quantity of sea water containing a crab I was able to assure myself 
that, as a general rule, the water needed for respiration is sucked 
into the branchial chamber behind and expired upwards and out- 
wards, as usually happens in the Brachyura. The form of the 
initial cavity A, a narrow crevice, hardly allows the animal to 
move except in one plane. Thus the upward and outward current 
has sufficient fixity of direction and constancy of power to secure 
a definite result. This current either flows straight upwards or 
impinges on the lip of the chamber A. It the latter case it 
would be deflected obliquely toward the opposite lip, tending to 
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repress growth on the inner edge though not on the outer. As | 


the outer edge was built up these oblique currents would become 


circular eddies and the growth of the wall of chamber B would © 


follow their outside line. The two opposed walls meet naturally 
at the intersection of their curves but that part of the current 


flowing directly upwards, in its escape prevents concrescence. But | 
after the crab has migrated into chamber B, partial fusion does : 


F 


occur so that what was at first a wide slit is converted into a series « 


of small circular holes occurring laterally as well as above, and all 


of equal size and, presumably, importance. There is nothing im | 
my material to support the curious observation of Semper* in 


Transverse sections of Galls to show stages of formation. 


1. An ‘open’ gall, chamber B in course of formation. 2. Diagram of an | 
open gall to show the way in which the respiratory current may influence the ~ 


growth of the coral. The arrows represent the expired current. 3. A ‘closed’ gall, 
chamber B completely formed. Chamber 4 has been almost filled up. 


The crab inhabiting the gall lies in a plane at right angles to the paper and so — 


is represented in side view. The black spots inside B represent the thecae of 
polypes. 


which he describes the concrescence of the edges proceeding “ till 
at length only two fissures,...are left, which plainly show by their 


position opposite to each other that it is through them that the — 


current for respiration passes: one fissure serves for the influx, 


the other for the exit, of the water.” I think that though the © 
crab cannot turn round, it moves about freely in a vertical plane — 


and that all the apertures are used in turn. 

A certain number of secondary changes occur after the 
formation of the gall. The polypes inside the gall do not seem to 
be greatly affected by their life within a closed dark space and 
the thickness of the coenenchyme is added to very distinctly on 


the inside as well as the outside, so much so as to encroach ~ 


* Karl Semper, Animal Life, English Translation, 1881. 


: 
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seriously upon the space in chamber B and partially fill up 
chamber A. The formation of the gall does not permanently 
suppress the further development of the branch of which it forms 
part. A perfect forest of twigs cover the surface of closed galls of 
some standing and occasionally examples are found in which the 
gall is the foundation of a complex branching system. In these 
cases, the galls can evidently lay claim to a respectable antiquity. 
_ The youngest females, which are found in galls in which 
ehamber A alone is formed, have a carapace length of 1:5 mm. 
and their sex is hardly recognisable. They have a narrow ab- 
domen with no trace of swimmerets, there are no reproductive 
apertures and the genital gland has not developed. But there is 
equally no sign of male characters and a perfect gradation exists 
from these apparently sexless forms up to the adult females. In 
the next stage, though the abdomen is very little broader, rudi- 
ments of the swimmerets appear and also the female apertures on 
the sternum opposite the third thoracic legs. The succeeding 
Intermediates show a gradual increase in the size of the abdomen 
which becomes accelerated when the great growth of the ovary 
begins. 

__ For some time I was unable to find the male of the species 
‘though I examined as many as a hundred galls. But at length 
on opening one I found it occupied by a female with her recently 
moulted skin and a much smaller individual of about 1 mm. cara- 
pace length. This was identified as a male on account of the well 
developed and typical copulatory styles and a pair of enormous 
testes full of mature spermatozoa which showed up as opaque 
white structures in the cephalothorax. From this discovery 
Iconclude that the male is normally very much smaller than the 
adult female and not even so large as the young immature females 
which are found in the least developed galls. Also that he is free- 
living and visits the females within the galls, copulation taking 
Place at a period when the gall is still open and the ovary is 
beginning to grow. As in the other Brachyura so here it only 
occurs just after the female has moulted. Soon after a stock of 
‘Sperm has thus been secured the gall closes up so far that the 
visits of other males are barred. But the female begins to lay 
eggs and lays apparently brood after brood which develop within. 
the ample shelter of the abdomen until they reach the Zoaea 
‘stage. Then the larvae are liberated to the exterior through the 
tiny circular outlets of the gall. 

____ This curious life history presents points of resemblance to and 
difference from that of the related genus, Cryptochirus* so far as 


* J. R. Henderson, Ann. Mag. Nat. Hist., Ser. 7, vol. xvi. pp. 211—219. 
These remarks only apply to C. dimorphus. Such observations as I have been able 
to make upon C. coralliodytes Heller will be given in the full paper. a 
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the latter is known. This crab inhabits deep pits within Astraeid 
colonies, each pit in its origin a single theca. The pit contains, 
as a rule, a male as well as a female, and though neither so rare 
nor so roving as in Hapalocarcinus he is also far smaller than the 
female (one quarter her size). The Hapalocarcinidae (a family 
formed by Calman to include these two genera) thus furnishes by 
far the most marked cases of sexual dimorphism to be found in 
the Decapoda. 

Certain points of structure may perhaps be mentioned now as) 


shedding light on the biology of Hapalocarcinus. Calman has: 
described the wide buccal area and pointed out that there is a/| 
certain amount of reduction in the third maxilliped. This is very | 


much accentuated in the maxillae and mandibles which Calman‘ 
was not able to examine owing to paucity of material. Hach | 
member of the two pairs of maxillae is reduced to a single 
elongated plate. The mandible is a well developed triangular 


piece of chitin but without the denticulate biting border of the | 


typical Decapod mandible. Especially noticeable too is the absence 

of a mandibular palp. It is plain that none of these appendages: 

are used for mastication. 
A similar modification is to be noticed in the stomach. In all 


the higher Crustacea the chitinous wall of the cardiac chamber is , 


thickened locally to form a system of plates bearing teeth, the 
so called gastric mill, which continue the task of breaking up the. 
food into very small particles. ‘The pyloric chamber is occupied 


by a very efficient filtering mechanism composed of interlacing | 


setae which only allows food in an easily absorbed condition to 
pass into the midgut. In Hapalocarcinus this arrangement is 


very much simplified. Many of the plates have disappeared and | 
while the more important constituents of the gastric mill, the uro- | 


cardiac and zygocardiac ossicles, are still present, they are much 
weaker and the teeth they bear instead of being stout and blunt 
are long and slender, passing into setae. Their function is not 


mastication but they apparently aid the setae of the pyloric valve ‘ 
in sieving the food current. In accordance with this forward. 
shifting of the sieving mechanism the structure of the pyloric | 
chamber is simpler and the pyloric ampullae which are so promi- - 


nent a feature in other Decapoda are entirely unrepresented. 


This modification, both of the mouth appendages and of the | 
stomach, is far greater than any which occurs in other Brachyura 


and we must look to a very distinct cause for the explanation, 


This cause is, without doubt, the change in the feeding habits of - 
the animal caused by its voluntary imprisonment in an almost | 


totally closed space. The holes which allow entrance to the 
“closed” gall are exceedingly small in the skeleton and must be 
smaller still if we allow for the coating of living coenosarc. It has 


f 


| 
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‘been pointed out before how erroneous was the early description 
of Hapalocarcinus as a parasite on corals. There is no doubt that 
the crab must live on the plankton which is drawn in with the 
yespiratory current. But the larger constituents of the plankton 
fauna are too large to enter the apertures of the gall and I suggest 
that the food of Hapalocarcinus consists almost entirely of the 
so-called “nanno-plankton ” which embraces all those animals and 
plants less than 3-4 in measurement. This suggestion is borne 
‘out by my examination, so far as it goes, of the stomachs of a 
dozen or so gall-crabs. These appear empty on a cursory investiga- 
tion but on one or two occasions there were very small repre- 
‘sentatives of the phytoplankton. It is suggested that these 
organisms are collected from the respiratory current in the first 
place by the action of the close-set combs of setae springing from 
the interior of the palps of the maxillipeds which cover the whole 
of the buccal area. The close likeness which exists between the 
oral appendages of Hapalocarcinus and those of the Branchiopoda 
im the lower Crustacea is explained by a similarity of diet. In 
this latter group too, the mandibular palp is absent, the mandible 
is weak, and the maxillae are perfectly simple lobes, one pair 
sometimes being lost altogether. Mr J. T. Saunders, of Christ’s 
College, informs me that these animals undoubtedly feed upon 
nanno-plankton. 
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A Note on Leaf-Fall as a Cause of Soil Deterioration. ‘By! 
W. Lawrence Batts, M.A., St John’s College. | 


[Read 4 May 1914.] 


In 1907 a portion of the cotton-breeding plot of the Khedivial | 
Agricultural Society at Giza, Egypt, was sown with Caravonica, \ 
Senaar, and Nyam-nyam Tree cottons*, the second of these in) 
particular having abundant leafage. The portion of the plot under: 
these trees was about 15 metres square. The trees stood till 1912.) 

In 1912 this land was taken over by a horticultural colleague, ! 
who in the summer of 1913 pointed out to me that one portion ; 
refused to grow anything, the immediate crop being orange : 


| 


seedlings. On referring to old plans it was found that this in-) 
fertile spot exactly coincided with the tree-cotton portion. The | 
land had been heavily manured, and the cause of its infertility | 
appeared to be the presence of some toxic substance. Analysis | 
showed 0°5°/, of NaCl as against 0°1°/, elsewhere, in the top | 
10 centimetres of soil. ; | 
Similar phenomena were shown during 1913 by soil in the 
wire-gauze cages which had been erected for the protection of | 
pure strains from natural crossing in 1912. The growth in these | 
cages during 1912 was extremely rank, though the plants were | 
prolific, and the amount of leaf shed appeared to have been 
approximately ten times that which the land would have received | 
in normal field crop. | 
In both cases the particular sites were situated above | 
patches of clay, so that no natural under-drainage existed, and | 
any salts, or other soluble bodies, once brought up to or placed | 
upon the surface, could not be washed down and away by | 
irrigation. | 
No valid explanation could be found which would apply to } 
both cases, excepting that the leaves had deposited something in \ 
the upper soil, of which NaCl was one component. The amount | 
of NaCl was, however, scarcely sufficient to produce the observed | 
effects, and possibly toxic bodies had resulted from decomposition + 
of the leaves. Some support was lent to this conclusion by the | 
unsatisfactory nature of cotton leaf-mould for potting purposes. _ 
If substantiated, this conclusion forms a strong additional 
argument against the use of tree-cottons in intensive cultivation. 
Established trees flourish in such soil, because their deep roots | 
are well below the toxic surface layer, but new sowing cannot be 
effected. | 
These episodes led to the enquiry into salinity of the cell-sap. 


* See Sir G. Watt, The Wild and Cultivated Cottons of the World. 
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Specific Salinity in the Cell Sap of Pure Strains. By 
W. Lawrence Batts, M.A., St John’s College. 


[Read 4 May 1914.] 
_ The following determinations were made on the leaf-lamina 
of various species and pure strains of cotton growing at Giza, 
Egypt, on “sweet” land, which contained not more than 0:1 °/, 
of salt in-the surface layers even after long deprivation of water, 
except where otherwise stated. 
__ The percentages are expressed as NaCl in terms of dry-weight 
(air-dry) of leaf tissue ; dry weight is approximately 25 °/, of fresh 
weight. 
_ The method employed was to incinerate slowly in a porcelain 
erucible under a layer of calcium carbonate, dissolving, filtering, 
adding slight excess of silver nitrate, and back-titrating with 
potassium thiocyanide. In making the later analyses I have to 
acknowledge the assistance of M. Jacques Garboa. 
_ The results are strictly preliminary, my departure from Egypt 
having interrupted the work. 
— Ordinary field crop. From plots yielding about 500 lbs. of 
lint to the acre, sown with Domains Afifi variety, leaf-salt per- 
centages were 1°68, 1°65, 1:47, 1:2, 1:1. 
_ Determinations were made as to the number of leaves borne 
on, and shed by, various individual plants; these were then com- 
pared with the mean plant of the flowering-curves for these plots, 
and from these data it appears that the amount of. salt brought 
up from the deep soil and deposited upon the surface during 
a single season’s growth amounts to about 15 kilogrammes per 
acre. 

Tree cottons, and plants growing in cages (see previous 

communication) will shed about 100 kilogrammes per annum, 
which is sufficient to produce bad effects if not removed by 
drainage. 
Pure strain No. 77. This strain was cultivated over thirty 
acres of land. Determinations made in various normal places 
‘gave percentages: 0°63, 0:80, 0°76, 0°76, 0°74, 0°69, 0°65, 0°60, 0°46, 
with a mean of 0°68. 

The last three figures were obtained in a part of the land 
where there was exceptionally free natural under-drainage. 
In a clay patch, where the subsoil water was isolated, and 
exceptionally salt*, the leaf-salt of the plants was found on two 
‘samples to be 0°85 and 0°88. 


 *w.tL. B. “A study of some water-tables at Giza,” Well No. 8. Cairo 
Scientific Journal, 1914. 
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First-year plants in the salted cages gave 0:90 and 1:09, while 
second year plants (rattoons) in the cages gave 1°53 and 1°86, and 
earlier analyses from the same plants gave 1:08, 1:36, 1-47, | 
eg, gs . 

There are thus variations in the content of a pure strain, | 
directly with, but not proportionate to, the variations in salinity | 
of the soil. : 

Pure strain No. 310. It is interesting to note that this: 
strain is agriculturally useless near Cairo, but flourishes in the 
salter lands of the cooler northern Delta, where No. 77 isi 
useless. 


j : t 
Several plants were growing so close to plants of No. 77 | 


that their roots were interlacing. The analyses from three such) 
pairs, two samples from each, are given below: 


Mean Ratio 
No. 310 0:96 1:17 0:90 1:04 1:30 1°52 1:15 100 
No. 77 0:76 0:76 0°80 0:62 0:90 1:09 0:82 71 j 


Similar indications were found with other strains, that a 
definite specific difference in salinity existed between them. 

These numerical differences might be due to differences in 
the leaf-structure, but there is no evidence in favour of such 
a view. The probable error of dry-weight determinations from) 
equal leaf-areas of 15 sq. cm. on all kinds of Egyptian cotton is) 
only +4 °/,. 

It is interesting to note that the highest figure recorded for 
American Upland cottons grown in the U.S.A. that I have been | 
able to find, is only 0:1 °/,, while a few determinations at Giza on) 
Russell and King varieties ranged from 0:37 to 0°81. | 

Conclusions. Egyptian cotton growing in typical field crop) 
has a salt content which indicates a concentration of 0:3 °/, NaCl’ 
in the cell-sap. } 

This concentration varies with the salinity of the soil, though _ 
not proportionately. | 

It also varies with the particular pure strain or variety of 
Egyptian cotton employed. 

Plants of two Egyptian strains growing with interlacing root-| 
systems may show differences of as much as 10:7 in the salinity 
of their cell-sap. / 

The latter fact may have some utility in future breeding of| 
strains for the salty lands of the Northern Delta of Egypt, where: 
large schemes of reclamation are in progress. | 
um peruvianum, &c.) may be classed | 


Egyptian cotton (Gossypo 
as a facultative halophyte. 
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_ Pre-Determination of Fluctuation. (Preliminary Note.) By 
W. Lawrence Batts, M.A., St John’s College. 


[Read 4 May 1914.] 


__ A. A simple example of this phenomenon is provided by 
fluctuations in the length and wall-thickness of the unicellular 

‘epidermal hairs which coat the seed of the cotton plant, forming 
the commercial “lint.” 

Cytology shows that the elongation of the lint-hair is com- 

pleted within the first 25 days from the opening of the flower, 
after which the thickening of the cell-wall begins. It might be 
expected that length would be mainly determined by environ- 
‘mental conditions acting round about the 16th day of maturation 

of the capsule, and thickness by conditions round about the 40th 
day, the capsule opening on the 50th day. 

Statistical examination of lint ripened from flowers opening 
on sixty successive days, with determinations of thickness made 
‘in the form of Breaking-strains of single fibres, gives fluctuation 
curves showing rapid changes of considerable magnitude. 

The correlation between length and strength in one set of 
samples was — 0°42. If the curves are shifted “21 days, so as to 
bring them into relative positions which the cytological evidence 
has indicated (40 — 16 = 24 circa), they are seen to be very closely 

‘similar, and the value of “r” turns over to + 0°60. 

‘Thus the length of lint in capsules which were going to open on 
‘Sept. 21st could be foretold by determining the strength of those 
capsules which were already open on Sept. Ist. 

Subsequent events cannot affect the pre-determined length, 

‘though the subsequent thickening may be of any degree. 

B. Flowering is a dhonachon which fluctuates enormously, 
‘and is not usually regarded as a “character” at all. There are 

nevertheless definite differences between species and varieties in 
this-respect, largely dependent on the branching habit. 

From a large series of statistical records of the flowering day 
by day in plots of Egyptian cotton, assisted lately by comparison 
with similar records taken by other workers using the writer’s 

-methods*, it has become clear that daily fluctuations in the 
‘number of flowers opening on the Mean Plant are inde- 

‘pendent of the site (over several square miles)+, the water- 
‘supply, age of the plant, space allowed per plant, and the 


variety grown. 


* Egyptian Government Survey Department Papers, 24 and 31. 

+ Since communicating this note I have found the fluctuations to be simul- 
taneous in sites separated by 170 kilometres; the plants of all Egypt all attempt 
to behave alike. 
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This remarkable parallelism lasts till mid-July at least, and | 


may be resumed after an interval of confusion. 
The cause can only be climatic, not edaphic, since differential 


soil treatment does not disturb it. Yet at the time when it is | 


manifest the plant has passed under edaphic control*. 

Statistical investigations by Mr H. E. Hurst and by the 
writer, comparing these fluctuations of flowering with those of 
wind, temperature, humidity, evaporation, cloudiness, &c., both at 
the time of flowering and during the few preceding days, gave no 
result. 


After some three years, as further data accumulated, the 


writer traced the cause to pre-existing fluctuations in the growth- 
curve of the central axis, nearly a month before. 


There is a similarity between the daily curves of growth and | 
flowering, while the smoothed curves from at least two separate | 


years—one of them very abnormal—are practically identical. 


The growth-curve of the central axis is the same as those of | 


the flowering branches until mid-June. The curve thus records 
the rate at which the scaffolding is laid down, upon which the 
flower buds are differentiated. The bud takes rather less than a 
month to open from its first differentiation, so that fluctuations in 
the rate of construction of the scaffolding are repeated in the rate 
of opening of the flowers. 


Under the conditions of ordinary cultivation of cotton in Kgypt, 
subsequent environmental influences exercise very little deforming | 


effect. 


The same applies to the fruiting-curve, which is closely similar | 
to the flowering-curve, though of less amplitude, so that the © 
arrivals of Egyptian cotton at Liverpool in October are almost | 
entirely determined by the night-temperatures, &c. in Egypt in 


May. 
Conclusions. 
1. That we are largely in error when we seek to ascertain 


the causes of Fluctuation in some feature of an organism by | 
integrating the effects of those environmental factors which were ~ 


operating at, or nearly before, the time when the feature im 
question was manifest. 


2. That such factors merely exercise a subsidiary deforma p 
influence on a scaffolding which was pre-determined—or pre-— 
destined—often at a very much earlier stage in the life of the © 


organism. 


3. <A conception of Discontinuity is thus introduced into the » 
study of Fluctuation, which has oy been regarded as typical | 


of Continuity. 
* W, L, B. ‘The Cotton Plant in Egypt.’ London, 1912, chap. 11, 


—s 


| 
| 
| 
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The Ammonia Content of the Waters of Small Ponds. By 
J. T. Saunpers, M.A., Christ’s College. 


[Read 4 May 1914.] 


Notre. The ammonia referred to in this paper is the “free” 
ammonia and the amount is expressed in grammes of NH, per 
million cubic centimetres of water. 


Free ammonia is always present in the waters of small ponds, 
but the amount varies very greatly. In ponds where there is 
sewage contamination such as horseponds, the amount is very 


high, as much as 16:2. Here the variation is chiefly affected by 


the amount of sewage that is introduced. Where there is no 
sewage contamination the amount is much lower, the maximum 


quantity for such a pond is about ‘500—‘600. 


Broadly speaking it is in the winter that the greatest quantities 
of ammonia are found in uncontaminated ponds, and the amount 
falls off during the spring to rise again in the autumn to its winter 
maximum. This is the annual cycle of changes. Changes how- 
ever take place from day to day, and even different layers of 


water show slightly different quantities of ammonia. 


One of the chief factors controlling the ammonia content in 
these small ponds is the amount of the rainfall. Copious rain 
after a period of sunshine effects a very considerable reduction in 
the ammonia present, a reduction that is out of all proportion to 


the extra amount of water that has entered the pond. 


During the present year February was a dry month; there 
was only a total of ‘85 inch* of rain on 13 days. But “March 


was extremely wet, the wettest but one on record for 50 years. 


On 24 February the ammonia content of a small pond on Sheeps’ 


Green, Cambridge, was -425. It continued to remain at about 
this evel until the beginning of March. On 4 March the amount 


contained was ‘400, but on 10 March the amount had fallen to 
‘213. This fall I attribute to the heavy rains, for on the two 
previous days 58 inch of rain had fallen and ‘there had been 
‘75 inches since 1 March. The ammonia content continued at 


-a low level during the wet weather of March. On 17 March 


the ammonia content had sunk to ‘115, and on 18 March it was 
further lowered to 060. This second fall again may be attributed 
to heavy rain, for on 16 March °25 inch of rain had fallen and 


* The rainfall was measured by Mr Pain of Sidney Street, Cambridge, who very 
kindly allowed me to use his records. 


31—2 
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on the four days previous to this, ‘63 inch. After this the rain || 
did not fall so heavily but it still continued to be wet weather 
until 12 April, when there commenced a period of 10 days | 
without rain. On 14 April the ammonia content was ‘082—still 
very low. On 21 April the amount had risen to 175. I think | 
that there can be no doubt that the rainfall is influencing the | 
ammonia content, since a rapid drop in the ammonia follows | 
closely on heavy rains. There is also an increase during a dry ! 
period but the increase takes very much longer to manifest itself | 
than does the decrease. The annual cycle in which the ammonia / 
content rises to its maximum in the winter and falls to 2 minimum (| 
in the summer cannot be explained as being due to the rainfall, for ) 
it is during the winter maximum that the greatest rainfall occurs. : 


All that the rainfall does is to cause fluctuations. 


Variations in the Ammonia Content in different layers | 


of water. | 


i 


In small ponds, even though they may be only a few feet deep, 
there are differences in the ammonia content between water 
collected from the surface and water collected from just above | 
the bottom. On 17 March the water in a pond contained | 
‘138 grs. p.m. NH, at the top and ‘088 at the bottom. On || 
18 March, in the same pond, there were (075 at the top and ‘05 at | 
the bottom, and again on 21 April there were 15 at the top and | 
‘175 at the bottom. 7 


Variation in Ammonia Contents of different ponds. 


Ponds that are liable to sewage contamination contain large « 
and very varying quantities of ammonia, while others which are 
uncontaminated contain a smaller quantity and the range of | 
variation from pond to pond is very much less. Thus in different © 
uncontaminated ponds on different dates the quantities of ammonia / 
were ‘180, ‘210, ‘310, and -400, whereas in different contaminated | 
ponds the quantities were 1:65, 3:020 and 16°200. 


| 
Variations in the Ammonia Content produced artificially. | 


In the Laboratory I have four aquaria, two of which are © 
aerated, one by a rapid and the other by a slow stream of air, and — 
two others which have no aeration, one of which is left standing © 
and the other has a plunger in it working up and down so as to | 
keep the water in motion. The two which are aerated always © 

| 


have less ammonia in them than do those which have no aeration. 
It seems to make very little difference whether the aeration be | 
rapid or slow, nor does the plunger which stirs the water make — 
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much difference between the two which are not aerated. Thus on 
6 March 1914, after the aquaria had been kept for 15 months, we 
find the following quantities of ammonia: 


| Rapid Aeration ‘ sy 225) 

| Slow Aeration. 2 eles 

| Standing with Plunger . ‘25 
2a no - qo eBiey 


Thus it is clear that aeration helps to diminish the quantities of 
ammonia that may be present. 

| A reduction in the ammonia content can also be produced in 
the laboratory by dilution, but the experiments on this point are 
not yet complete. 


Effect of Variations of Ammonia Content on the Fauna. 


It is well known that the smaller green algae derive their 
supplies of nitrogen from ammonia and consequently these algae 
will be affected by variations in the ammonia content. Some of 
these small green algae live a planktonic life in the water, and 
where they occur in sufficient numbers they provide nourishment 
for swarms of crustacea and other small zooplankton. In fact the 
zooplankton only reaches large proportions when there are plenty 
of these minute algae. Daphne and Simocephalus feed on these 
algae, the “nannoplankton ” as it is called, and their presence may 
be taken to indicate the presence of minute algae as well. Some- 
times the algae occur in such vast numbers as to be visible to the 
naked eye, as in the “green water” of stagnant puddles, but as 
often as not it is difficult to detect their presence except by 
Special means. 

During the latter part of February this nannoplankton existed 
“mm such numbers in a pond on Sheeps’ Green as to be visible to 
the naked eye, but directly the rains of March began it dis- 
appeared. At the time I was inclined to attribute the disappear- 
ance to disturbance of the water and increased turbidity, but now 

since I have been able to find a large quantity of nannoplankton 
in turbid horseponds, I do not think that turbidity is accountable 
for the extinction. I am inclined to think that it was due to the 
reduction in the ammonia content, which I have shewn above to 
have been caused by the heavy rainfall, and this is supported 
by further evidence. 

All ponds that have a low ammonia content, less than °4, never 
contain the swarms of Cladocera which are dependent on the 
annoplankton for food. Thus in two ponds in the same field the 
ammonia contents were 1°65 and :2 (the high ammonia content is 

due to this pond being used as a watering-place for cattle), and 
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the pond with the high ammonia content contained swarms Es 
Daphne while the other had none. In my aquaria the two which 


are aerated have no small crustacea living in them, while those | 
which are unaerated and have a higher ammonia content contain | 
plenty. A high ammonia content, coinciding with the presence of | 


quantities of nannoplankton, was also found in a jar, which was 
one of two kindly given to me by Mr Elton, of Christ’s College, 
Both jars were started with collections from a small pond, but in | 
one the water had turned green through the presence of minute 


algae while in the other it had remained clear. The green water 1 
| 


contained 1°520 and the clear water ‘300. In these cases we find 


that the presence of much nannoplankton coincides with a high | 
ammonia content and its absence with one below ‘400. From | 
this we must conclude that the ammonia content of the water is | 


one of the factors controlling the appearance in large quantities 
of these minute algae. 

The rainfall, then, through its influence on the ammonia con- 
tent, will react on the swarms of crustacea, for the swarms are 
dependent on the minute algae and these in their turn on the 


amount of ammonia. Thus, in all probability, one of the factors— | 


there must be others—which cause the appearance and disappear- 
ance of large swarms of Cladocera and Copepods in small ponds is 
the presence or absence of much rain. 
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Optically active substances of simple molecular constitution. 
' By Professor Pope and JoHN READ, M.A. 


) | [Read 18 May 1914.] 


Notwithstanding numerous attempts, it has not hitherto been 
_ possible to prepare an optically active substance containing fewer 
than three carbon atoms in the molecule and the assumption has 
therefore been made that a considerable degree of complexity is 
necessary to enable the molecule to exist in stable enantiomor- 
| phous forms. 
After unsuccessful attempts to resolve chlorosulphoacetic acid 
and chlorobromomethanesulphonic acid the preparation and in- 
vestigation of chloroiodomethanesulphonic acid were undertaken 
with a similar object in view, and eventually the resolution of 
this substance was effected with d- and /-hydroxyhydrindamine, 
strychnine and brucine. The purest optically active ammonium 
salt of this acid yet obtained, having [M] + 43°7° in dilute 
aqueous solution, was prepared by repeated fractional precipitation 
with brucine, followed by decomposition of the brucine salt with 
ammonia; but the separation of the substance in a state of 
optical purity presents great difficulty. The above-mentioned 
salt crystallises from alcohol in colourless scales melting at 227— 
228°. The corresponding salt of the externally compensated acid 
erystallises similarly and melts at 221—222°. Barium dl-chloro- 
jodomethanesulphonate, (CHCII.SO;), Ba + 2H,0, crystallises from 
water, in which it is exceedingly soluble, in large, lustrous, colour- 
less plates. dl-Chloroiodomethanesulphonic acid is a colourless, 
hygroscopic liquid which evolves heat when mixed with water ; 
it crystallises slowly when kept in vacuo over sulphuric acid. 

It is remarkable that the optically active ammonium salt, 
which, containing only one carbon atom in the molecule corre- 
sponding to less than five per cent. of carbon, is the simplest 
optically active substance known, retains its activity with great 
persistence and cannot be caused to racemise by any of the 
ordinary agents employed for that purpose. 
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Some further eaperiments on eutectic growth: By F. E. E. 
LampLoueH, M.A., Trinity College, and J. T. Scort, B.A. 


[Read 18 May 1914.] 


The method of “quenching” an alloy during the solidifica- | 
tion of the eutectic has been used to ascertain the character of 
the eutectic during its growth. Resulting from the investiga- | 
tion it has been possible to classify eutectics into two classes, 
(1) those of spherical radiating growth, (2) those exhibiting 
definite crystal contours. The former are always produced when | 
both primaries are of rounded contour, the latter if one primary is | 
of crystal shape. The cause of “halos” surrounding primary | 
erystals has been demonstrated. 
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Note on the detection of Malonic Acid. By Dr H. J. H. 
Fenton, Christ’s College. 


[Read 18 May 1914.] 


An account was given, in a previous communication to the 
Society, of a reaction of malonic ester with bromomethylfurfural 
which serves for the identification of hexoses. When these two 
compounds are mixed together in alcoholic solution and the 
mixture is made just alkaline with alcoholic potash, an intense blue 
fluorescence results, which is persistent at very great dilution. 

Conversely, this reaction may be employed as a distinguishing 
test for free malonic acid, or its salts. The substance is mixed 
with anhydrous methyl or ethyl alcohol containing hydrogen 
chloride, or sulphuric acid warmed and allowed to stand for a few 
minutes; the mixture is then neutralised and tested with bromo- 
methylfurfural in the manner described. The production of this 
blue fluorescent substance, under the conditions specified, appears 
to be entirely characteristic of malonic ester and ethyl malonic 
ester. Other esters containing labile hydrogen atoms, such as 
acetoacetic and dicarboxyglutaconic esters, do not behave similarly. 
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On the Resolution of 5-Nitrohydrindene-2-carboxylic Acid. 
W. H. Mitts, M.A., Jesus College, H. V. Parker, B.A., and R. 
Prowsg, B.A. 


[Read 18 May 1914.] 


With the object of obtaining an optically active derivative of | 


benzene in which to account for the optical activity it would be | 


| 
| 
| 
By | 
| 
| 
| 


t 


necessary to take into consideration the relative distribution in | 


space of the groups attached to the benzene nucleus 5-nitrohy- 
drindene-2-carboxylic acid (III) has been prepared and has been | 


shown to be resolvable into two optically active components. 


The racemic compound was prepared by nitrating hydrindene- | 


2-2-dicarboxylic acid (I) and eliminating one carboxyl group from 
the product by heating in an indifferent solvent. 


OH, 
if Cir ye (CO,H),, 
CH, 
it NO,0,H ree _ 8 (CO,H)., 
ieee aes NO,C,H i eee H. 
CH, 


D} 


4 


The position of the nitro group was established by oxidising | 
the nitrodicarboxylic acid (II) with potassium permanganate, | 


The product was 4-nitrophthalic acid from which it follows that 


in nitrohydrindene carboxylic acid the nitro group must occupy | 


the 5-position. 


at. oe 
Seg" 
ae CO,H. 


The acid was resolved by means of quinine, the recrystallised — 


quinine salt giving on decomposition the /-acid. The d-acid after — 
extraction from the quinine salt mother liquors was separated — 


from the accompanying racemic acid by crystallisation from 
benzene in which the latter is relatively sparingly soluble. The 
racemic acid melts at 122°, the active acids at 116°. The specific 
rotation of the active acids for the mercury green light is 


flellecn a 36°4 and — 36°5°. 


PROCEEDINGS AT THE MEETINGS HELD DURING 
THE SESSION 1913—1914. 


ANNUAL GENERAL MEETING. 
October 27th, 1918. 


In the Cavendish Laboratory. 
Proressor Hopson, IN THE CHAIR. 
The following were elected Officers for the ensuing year : 


President : 


Dr Shipley, Master of Christ’s College. 


Vice- Presidents : 


Prof. Pope. 
Dr Barnes. 
Prof. Seward. 


Treasurer : 


Prof. Hobson. 


Secretaries : 


Mr A. Wood. 
Mr F. A. Potts. 
Mr G. H. Hardy. 


Other Members of the Council : 


Prof. Sir J. J. Thomson. 
Mr J. E. Purvis. 

Mr R. P. Gregory. 
Dr Cobbett. 

Mr J. Mercer. 

Dr Marshall. 

Mr G. R. Mines. 

Mr F. J. M. Stratton. 
Prof. Woodhead. 

Mr C. Forster Cooper. 
Dr Duckworth. 
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The following Communications were made: 


1. On the dependence of the relative ionisation in various gases 
by f rays on their velocity, and its bearing on the ionisation produced | 
by y rays. By R. D. Kuzeman, B.A., Emmanuel College. 


2. Note on a Dynamical system illustrating Fluorescence. By 
N. P. McCretanp, M.A., Pembroke College. i 


November 17th, 1913. 


In the Comparative Anatomy Lecture Room. 
Dr SHIPLEY, PRESIDENT, IN THE CHAIR. | 
The following was elected an Associate of the Society : 


H. D. L. Minton, Jesus College. 


The following Communications were made : 


1. <A possible connexion between abnormal sex-limited trans: 
mission and sterility. By Dr Doncasrer, King’s College. 
2, The Flight of the House-fly. By E. Hinpre, B.A. (Com | 
municated by Mr C. Warburton.) | 
i 
| 


3. Sex proportions of Forficula auricularia in the Scilly Islands. 
By H. H. Brinpiey, M.A., St John’s College. 


November 24th, 1913. 


In the Cavendish Laboratory. 
Proressor NEWALL, IN THE CHAIR. 


The following were elected Fellows of the Society: _ 


S. Lees, M.A., St John’s College. 
D. G. Lillie, M.A., St John’s College. 


The following Communications were made: 


1. Distribution of Stars in relation to Spectral Type. By Pro- 
fessor A. S. EppineTon, Trinity College. 


2. (1) The comparison of nearly equal electrical resistances. 


(2) An experiment on the harmonic motion of a rigid body. 
By Dr G. F. C. Szarue, Peterhouse. 
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3. A Double-Four Mechanism. By G. T. Benyert, M.A, 
‘Emmanuel College. 


4, On the Presence of certain Lines of Magnesium in Stellar 


‘Spectra. By F. E. Baxanpatt. (Communicated by Professor 
Newall.) 


4 
i 


February 9th, 1914. 
In the Botany School. 
PROFESSOR SEWARD, VICE-PRESIDENT, IN THE CHAIR. 
The following Communications were made: 


_ 1. Exhibition of specimens illustrating the damage caused by 
certain wood-boring beetles. By Hucu Scott, M.A., Trinity College. 
je The History of the occurrence of Azolla in the British Isles 
and in Europe generally. By A. S. Marsu, B.A., Gonville and Caius 
College. (Communicated by Professor Seward.) 


_ 3. Amitosis in the Parenchyma of water plants. By R. C. 
‘McLean. (Communicated by Professor Seward.) 


4. On Root Development in Sératiotes aloides L. with special 
reference to the occurrence of Amitosis in an embryonic tissue. By 
‘Mrs Arper. (Communicated by Dr E. A. Newell Arber.) 


February \7Tth, 1914. 
In the Cavendish Laboratory. 
| ProFessor Sir J. J. THOMSON, IN THE CHAIR. 


The following Communication was made: 


_ Recent work at the Heidelberg Observatory on the Nebulae and 
their Spectra. By Dr Max Wotr. 
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February 23rd, 1914. 
In the Cavendish Laboratory. 


Proressor Sir J. J. THOMSON, IN THE CHAIR. 


The following Communications were made: ! 


1. (1) Determination of the effective aperture of the stop of 4 
photographic lens. 


| 
| 

(2) Experiments with a prism of small angle. 
By Dr G. F. C. Szarue, Peterhouse. 


29. On the Molecular Field in Diamagnetic Substances. (Pre-' 
liminary Note.) By A. E. Oxuey, B.A., Trinity College. 


3. The Superior and Inferior Indices of Permutations. ay Major’ 
P. A. MacManon. 


4. A Simplification of the logic of Relations. By N. WIENER. 
(Communicated by Mr G. H. Hardy. ) ! 


5. The Domains of steady motion for a liquid Ellipsoid, anal 
the oscillations of the Jacobian figure. By R. Harcreaves, M.A,,) 
St John’s College. | 


pe Oe See ————— — 


6. The oxygen content of the river Cam before and after re- 
ceiving the Cambridge sewage effluent. By J. E. Purvis, M.A., |) 
Corpus Christi College, and E. H. Brack. | 


March 9th, 1914. 


In the School of Agriculture. 
Dr SHIPLEY, PRESIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 


P. C. Varrier Jones, M.A., St John’s College. ( 
H. W. Leatham, B.A., Trinity College. 


The following Communications were made: cm 


1. A Statistical Study of Feeding Trials with Oxen and Sheep. / 
By Professor Woop and G. Upny Yu ez, M.A., St John’s College. i 


2. Fluctuations of Sampling in Mendelian Ratios. By G. Upyy) 
Yue, M.A., St John’s College. . 


3. Inheritance in Brassice. By M. S. Purasz, B.A., Trinity 
College. (Communicated by Professor Biffen.) i 
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4, A Determination of the Best Value of the Coupling Ratio 
from a given set of data. By G. Upny Yuts, M.A., St John’s College 
and F. L. Enetevow, B.A., St John’s College. 


5. A Case of Repulsion in Wheat. By F. L. Eneiepow, B.A., 
St John’s College. (Communicated by Professor Biffen.) . 


6. Soil and Crop Relations in the Biggleswade Market Garden 
Area. By T. Riese. (Communicated by Professor Wood.) 


_ 7. Digestibility of Pentosans. By H. A. D. Nevizis, B.A., 
Emmanuel College. (Communicated by Professor Wood.) 


_ 8. A case of Correlation in Wheat. By W. H. Parker, B.A., 
Trinity College. (Communicated by Professor Biffen.) 


9. The Factorization of large Numbers. By H. C. Pock.ineron, 
M.A., St John’s College. 


10. The Ionisation produced by certain substances when heated 
on a Nernst Filament. By Dr F. Horton, St John’s College. 


May 4th, 1914. 
_ In the Comparative Anatomy Lecture Room. 


Dr SHIPLEY, PRESIDENT, IN THE CHAIR. 
The following were elected Fellows of the Society : 


W. Dawson, M.A., Gonville and Caius College. 
K. J. J. Mackenzie, M.A., Christ’s College. 
A. 8S. Marsh, B.A., Gonville and Caius College. 
R. V. Southwell, B.A., Trinity College. 
T. L. Wren, B.A., St John’s College. 


The following Communications were made: 


1. (1) A note on Leaf-fall as a factor in Soil-deterioration, and 
Specific salinity in the cell-sap of Pure Strains. 


| (2) Pre-determination of Fluctuating characters. 
By W. L. Batts, M.A., St John’s College. 


_ 2. The ammonia content of the waters of small Ponds. By J. T. 
Saunvers, M.A., Christ’s College. 


i 3. (1) Thompsonia, a little known Crustacean parasite. 


(2) The gall-forming Crab, Hapalocarcinus. 
°y FB. A, Ports, M.A., Trinity Hall. 
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May 18th, 1914. 
In the Chemical Laboratory. 


Dr Suipitey, PRESIDENT, IN THE CHAIR. 


The following were elected Honorary Members of the Society : 


Dr H. E. Armstrong. 
Professor J. Bordet. 
Madame Curie. 
Professor F. Czapek. 
Professor T. W. Edgeworth David. | 
Colonel W. C. Gorgas. 
‘Professor P. H. von Groth. 
Professor Jacques Hadamard. 
Dr George E. Hale. 
Dr Frangois A. A. Lacroix. | 
| 
| 


Dr Charles Lapworth. 
Professor H. Lebesgue. 
Dr Jacques Loeb. 
Professor Arthur Looss. 
Professor H. A. Lorentz. i 
Professor M. Planck. 
Lt.-Col. Leonard Rogers. 
Professor Gustav Schwalbe. 
Dr Karl Schwarzschild. 

Dr D. H. Scott. | 
Professor E. B. Wilson. | 
A. F. Yarrow. 

Professor P. Zeeman. 


The following Communications were made: 


1. Optically active substances of simple molecular constitution) 
By Professor Pore and Joun Reap, M.A. 

2. Note on the detection of Malonic Acid. By Dr Fenton, 
Christ’s College. | 

3. Some further experiments on eutectic growth. By F. EH. HE! 
LameLoucH, M.A., Trinity College and J. T. Scort, B.A., | 
College. 

4. On the Resolution of 5-Nitrohydrindene-2-carboxylic Aan ( 
By W. H. Mitts, M.A., Jesus College, H. V. Parker, B.A. ang 
R. W. Prowse, BA. | 

5. (1) On the nature of the Internal Work done during the! 

Evaporation of a Liquid. . 
(2) The Work done in the Formation of a surface Transition 
Layer of a Liquid Mixture of Substances. 
By R. D. Kireman, B.A., Emmanuel College. 


6. <A contribution i the Theory of Relative Position. By N, 
WieNER. (Communicated by Mr G. H. Hardy.) 


INDEX TO THE PROCEEDINGS 


with references to the Transactions. 


| Absorption of Cathode Rays by Metallic Sheets (WuHipprNGTON), 280. 

Acid, Resolution of 5-Nitrohydrindene-2-carboxylic (Minis, PARKER and 

Prowse), 478. 

‘Air, Viscosity of (SEARLE), 183. 

Alloys, Volatilization of certain binary, in high vacua (BrrRry), 31. 

'Amitosis in Water-Plants (ARBER and McLean), 369, 380. 

Ammonia Content of the Waters of Small Ponds (SauNDERs), 471. 

Anthropometric data collected by Prof. J. Stanley Gardiner in the Maldive 

Islands and Minikoi (DucKkwortTH), 8 

ARBER, A., On Root Development in Stratiotes aloides L. with special refer- 
ence to the occurrence of Amitosis in an embryonic tissue, 369. 

_ARBER, HK, A. NEWELL, On the earlier Mesozoic Floras of New Zealand, 122. 

- ARMSTRONG, H. E., Elected Honorary Member 1914, May 18, 484. 

Atomic Constants an the Properties of Substances (KLEEMAN), 175. 

Azolla, History of the occurrence of, in the British Isles etc. (MARSH), 383. 


Batzy, P. G., Elected Fellow 1913, May 19, 306. 

Bary, A. M., see Mitis, W. H. 

Batts, W. L., Specific Salinity in the Cell Sap of Pure Strains, 467. 
— Pre-Determination of Fluctuation (Preliminary note), 469. 

-— A note on Leaf-Fall as a cause of Soil Deterioration, 466. 
-BAXANDALL, F. E., Elected Associate 1913, May 19, 306. 

-—— On the Presence of certain Lines of Magnesium in Stellar Spectra, 323. 
Benner, G. T., A Double-Four Mechanism, 391. 

Berry, Tava) Notes on the volatilization of certain binary alloys in high 


) . vacua, 31. 


‘Beta Rays, Relative Jonisation in various Gases by (KLEEMAN), 314. 
“Brack, E. H., see Purvis, J. E. 

Baas, J., Elected Honorary Member 1914, May 18, 484. 

‘Brace ai The The Diffraction of Short Electromagnetic Waves by a Crystal, 


ae Meres of (Marr), 58. 
‘BRINDLEY, H. H., The proportions of the sexes of Forficula auricularia in 
the Scilly Islands, 326. 
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Brinpuey, H. H., Notes on the Breeding of Forficula auricularia, 339. 
British Isles, Plants new to the (Moss), 255. 

Browne, F. Batrour, Elected Associate 1913, February 10, 303. 
Burrt-Davy, J., Elected Associate 1913, April 28, 304. 

Butter, C. P., Elected Associate 1913, May 19, 306. 


Cam, Chemical and bacterial condition of the (PURVIS and RAYNER), 202. | 
Cam, Oxygen content of the river (PURVIS and Buack), 353. | 
Cambridgeshire Flora (Evaws), 229. i 
Cambridgeshire Sands and Gravels, Mineral Composition of (RASTALL), 132. i 
Cathode Rays by Metallic Sheets, Absorption of (WHIDDINGTON), 280. y 
Curistiz, J., Elected Fellow 1913, February 24, 303. { 
Compton, R. H., Preliminary Note on the Inheritance of Self-sterility im 
Reseda odorata, ‘7. 
Coupling-ratio from a given set of Data (ENGLEDOW and YULE), 436. 
Curiz, Mapame P., Elected Honorary Member 1914, May 18, 484. : 
CzapEk, F., Elected Honorary Member 1914, May 18, 484. | 


Davin, T. W. E., Elected Honorary Member 1914, May 18, 484. 
Dawson, W., Elected Fellow 1914, May 4, 483. 
Determinant, The greatest value of a, whose constituents are limited (Drxon), 
242. 1 
Diamagnetic Substances, Application of the Molecular Field in (OxuEy), 450. | 
Diffraction of Short Electromagnetic Waves by a Crystal > 43. 
Diophantine Impossibilities (PockLINGToN), 108. 
Dixon, A. C., On the greatest value of a determinant whose constituents are 
‘tical (Proof of Hadamard’s theorem), 242. | 
—— Expressions for the remainders when 6, 6°, sin £6, cos £0 are expanded ( 
in ascending powers of sin 6, 244. } 
Doncaster, L., A possible connexion between abnormal sex-limited trans- 
mission and sterility, 307. 
Double-Four Mechanism (BENNETT), 391. \ 
DuckwortH, W. L. H., On the Anthropometric data collected by Prof. J. \ 
Stanley Gardiner in the Maldive Islands and Minikoi, 8. [ 
Dunuop, J. G. M., Elected Fellow 1912, October 28, 301. “ey 
—— Note on Ate effect of heating paraformaldehyde with a trace of, 
sulphuric acid, 180. i) 
Dust electrical machine (RUDGE), 249. 1 
Dynamical system illustrating Fluorescence (McCLELAND), 321. | 


East Anglia, Gravels of (HuGHES), 147. 


Echinus, Hypertonic Solutions upon the Eggs of (Gray), 1. | 
Eppineton, A. 8., The Distribution of the Stars in relation to Spectral Type, : 
351. i 


t 


Electrical Discharge in Helium and Neon (Warson), 90. 
Electrical resistances, Comparison of nearly equal (SEARLE), 340. 
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Electromagnetic waves by a Crystal, Diffraction of (BRAG@), 43. 

EneLepow, F. L., A Case of Repulsion in Wheat, 433. 

EneiEpow, F. L. and Yun, G. Upny, The determination of the best value 
of the coupling-ratio from a given set of data, 436. 

Ennos, F. R., The Oxidation of Ferrous Salts, 182. 

Eretmophyllum, A new type of Ginkgoalian leaf (THomas), 256. 

Eutectic growth, Experiments on (LAMPLOUGH and Scott), 476. 

Evans, A. H., Notes on additions to the Flora of Cambridgeshire, 229, 

Eyaporation of a Liquid (KLEEMAN), 402. 


Fantuay, H. B., Sarcocystis cold, n. sp., a Sarcosporidian occurring in the 
| Red-faced African Mouse Bird, Coliws erythromelon, 221. 

Fenton, H. J. H., Note on the detection of Malonic Acid, 477. 

Fish, Freshwater, Food of (SauNDERS), 236. 

Flare spots in photography (SEARLE), 205. 

Filea-trap, Chinese (HinpDLBE), 284. 

Flight of the House-Fly (HinpiE), 310. 

Flora of Cambridgeshire (Evans), 229. 

| Fluctuation, Pre-Determination of (BALLS), 469. 

Fluorescence, Dynamical system illustrating (McCLELAND), 321. 

Food of Freshwater Fish (SAUNDERS), 236. 

| Forficula auricularia, Proportions of the sexes of (BRINDLEY), 326. 
Porficula auricularia, Breeding of (BRINDLEY), 335, 

Gamma Rays, lonisation produced by (KLEEMAN), 314. 

Gases, Dependence of the Relative lonisation in various (KLEEMAN), 314. 
Goce, M. J. Lz, Observations on Hirneola auriculayjudae, Berk. (“Jew’s 
| ear”), 225, 

Goreas, W. C., Elected Honorary Member 1914, May 18, 484. 

Gravels of East Anglia (HucHES), 147. 

Gray, J., Elected Fellow 1913, January 27, 302. 

== The Effects of Hypertonic Solutions upon the Eggs of Hchinus, 1. 
‘Gros, P. H. von, Elected Honorary Member 1914, May 18, 484. 


| Hapamarp, J., Elected Honorary Member 1914, May 18, 484. 

‘Hatz, G. E., Elected Honorary Member 1914, May 18, 484. 
Hapalocarcinus, The gall-forming Crab (Ports), 460. 

‘Hannisoy, W. J., The hydrodynamical theory of lubrication, 306. See 
Ransuctions: XXII. 

‘Hartripgsr, H., Elected Fellow 1912, November 25, 302. 

‘Haren, Insts Mote on a Remarkable Instance of Complete Rock-disintegra- 
tion by Weathering, 62. 

‘Hears, S. P., Elected Associate 1912, November 25, 302. 

Helium, ilectriea Discharge in (Watson), 90. 

‘Hm, G. J., Elected Fellow 1913, February 24, 303. 

HINDLe, E, A Chinese Flea-trap, 284. 

| 


| 
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Hinpie, E., The Flight of the House-Fly, 310. 

Hirneola dincule -judae, Berk. (“ Jew’s ear”), Observations on (LE Goc), 225, 
Holosticha scutellum, Division of (LEWIN), 241. 

Hony, G. B., Elected Associate 1912, November 11, 301. 

Horron, F., The ionisation produced by certain substances when heated on 

a Nernst filament, 414. 

House-Fly, Flight of (HINDLE), 310. 
Hueues, T. McKrnny, The Gravels of East Anglia, 147. | 
Hypertonic Solutions upon the Eggs of Echinus (GRayY), 1 


Imus, A. D., Exhibition of living Termites, 241. | 
Ion in a Gas, Unstable Nature of the (KLEEMAN), 263. | 
Ionisation produced by certain substances when heated on a Nernst filament 

(Horton), 414. 


Jongs, P. C. V., Elected Fellow 1914, March 9, 482. 

Jurassic plants from Yorkshire (THoMAs), 256. 

Kin, F., Elected Fellow 1913, May 19, 306. 

naa, R. D., On the Properties of a Liquid connected with its Surface | | 
Tension, 149, 

— The Atomic Constants and the Properties of Substances, 175. 

— The Unstable Nature of the Ion in a Gas, 263. 

— On the Dependence of the Relative Ionisation in various Gases by | 
8 Rays on their Velocity, and its bearing on the Ionisation produced 
by y Rays, 314. 

—— On the Nature of the Internal Work done during the Evaporation of a | 
Liquid, 402. 

—— The Work done in the Formation of a Surface Transition Layer of a 
Liquid Mixture of Substances, 409. 


Lacrorx, F. A. A., Elected Honorary Member 1914, May 18, 484. 
Lampiouen, F. E. E. and Scort, J. T., Some further experiments on eutectic 
growth, 476. 
Lapworts, C., Elected Honorary Member 1914, May 18, 484. 
Leaf-Fall as a Cause of Soil Deterioration (Bauus), 466. - | 
LreatHam, H. W., Elected Fellow 1914, March 9, 482. | 
Leseseur, H., Elected Honorary Member 1914, May 18, 484. | 
Less, 8., Elected Fellow 1913, Nov. 24, 480. 
Lr Goc, M. J., Elected Fellow 1913, May 19, 306. | 
ear”), 225. 
_ Lestry, J. W., Elected Fellow 1912, October 28, 301. ' 
Lewin, K. R., The Division of Holosticha scutellum, 241. 
Liuiiz, D. G., Elected Fellow 1913, Nov. 24, 480. 
Liquid, Evaporation of a (KLEEMAN), 402. 
Liquid Mixture of Substances, Surface Transition Layer of a (KLEEMAN), 409. 
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Lors, J., Elected Honorary Member 1914, May 18, 484. 

Logic of Relations (WIENER), 387. 

Looss, A., Elected Honorary Member 1914, May 18, 484. 
Lorentz, H. A., Elected Honorary Member 1914, May 18, 484. 


McCienanp, N. P., Elected Fellow 1913, May 5, 305. 

— Note on a Dynamical system illustrating Fluorescence, 321. 

Mackernzir, K. J. J., Elected Fellow 1914, May 4, 483. 

McLuan, R. C., Amitosis in the Parenchyma of Water-Plants, 380. 

MacManoy, P. A., The Superior and Inferior Indices of Permutations, 482. 

See Transactions, XXII. 
Magnesium in Stellar Spectra (BAXANDALL), 323. 
Magnetic Susceptibility with Temperature. Part I]. On Aqueous Solutions 
(OXLEY), 65. 
Magnetic Susceptibility, Molecular Constitution and Temperature on (OxLry), 
282. 

Marrra, S. N., Elected Associate 1912, October 28, 301. 

Maldive Islands and Minikoi, Anthropometric data collected by Prof. J. 
| Stanley Gardiner (DucKWoRTH), 8 
~Malonic Acid, Detection of (FENTON), 477. 

Marr, J. E., The Meres of Breckland, 58. 

Marsu, A. 8, Elected Fellow 1914, May 4, 483. 

— The History of the occurrence of Azolla in the British Isles and in 

Europe generally, 383. 
_Mautik, S8., Elected Associate 1913, January 27, 302. 

Mechanical vacuum tube regulator (WHIDDINGTON), 251. 
Mechanism, Double-Four (BENNETT), 391. 

Mendelian Ratios, Fluctuations of sampling in (Yuk), 425. 
_Meres of Breckland (Marr), 58. 

Mesozoic Floras of New Zealand (ArBEr), 122. 

Miius, W. H., Elected Fellow 1913, February 10, 303. 

Mitts, W. H. and Barn, A. M., On the optically active semicaepn and 
| benzoylphenylhydrazone of cyclo-hexanone-4-carboxylic acid, 203. 
Mitts, W. H., ParKER, H. V. and Prowsz, R. W., On the Resolution of 

5-Nitrohydrindene-2-carboxylic acid, 478. 

Mineral Composition of some Cambridgeshire Sands and Gravels (Rasta.), 
: 132. 

Minerals of some Sands and Gravels near Newmarket (RastaLy), 161. 
Minus, G. R., On Pulsus alternans, 34. 

_—— Note on the respiratory movements of Torpedo ocellata, 170. 
'Mrxton, H. D. L., Elected Associate 1913, Nov. 17, 480. 

‘Molecular Constitution and Temperature on Magnetic Susceptibility (Oxiny), 
282. 

Molecular Field in Diamagnetic Substances, Application of (OXLEY), 450. 

Moss, C. E., Some Plants new to the British Isles, 255. 
| Moss, \e Elected Associate 1913, May 19, 306. 
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Neon, Electrical Discharge in (Watson), 90. i 
Newmarket, Minerals of some Sands and Gravels (RasTAt.), 161. 

New Zealand, Earlier Mesozoic Floras of (ARBER), 122. 

Nicuouas, T. C., Elected Fellow 1913, January 27, 302. 

Nourrauu, G. H. F., Observations on Ticks, 240. 


Optically active substances of simple molecular constitution (PopH and i) 
READ), 475. 
Oxidation of Ferrous Salts (ENNos), 182. 1 
Oxtry, A. E., The Variation of Magnetic Susceptibility with Temperate / 
Part IL. On Aqueous Solutions, 65. 
— The Influence of Molecular Constitution and Temperature on Magnetic | : 
Susceptibility, 282. it 
On an application of the Molecular Field in Diamagnetic Substances, 450, | 
Oxygen content of the river Cam (Purvis and Buack), 353. 


| 
| 
Odontosyllis, Swarming of (Ports), 193. | 


Paraformaldehyde, Eftect of heating, with a trace of sulphuric acid (DUNLOP), | 
180. i 
Peters, R. H., Elected Fellow 1913, April 28, 304. 
Photography, Flare spots in (SEARLE), 205. 
Puanck, M., Elected Honorary Member 1914, May 18, 484. 
Plants new to the British Isles (Moss), 255. 
Pockiineton, H. C., Some Diophantine Impossibilities, 108. 
Polyporus squamosus, Huds., Observations on (Price), 168. 
Porn, W. J. and Ruap, J., The ten Stereoisomeric Tetrahydroquinaldino- | 
methylenecamphors, 204. 
and Optically active substances of simple molecular constitution, | 
475. . 
Positive rays to the study of chemical problems (THomson), 201. \ 
Ports, F. A., The Swarming of Odontosyllis, 193. 
— The gall-forming Crab, Hapalocarcinus, 460. 
Thompsonia, a little known Crustacean Parasite, 453. 
Pre-Determination of Fluctuation (BALLS), 469. 
Price, 8. R., Observations on Polyporus squamosus, Huds., 168. 
Proceedings at the Meetings held during the Session 1912—1913, 300. 
” ” ” ” ” ” 1913—1914, 479. | 
Properties of a Liquid connected with its Surface Tension (KLEEMAN), 149.” | 
Pulsus alternans (MINES), 34. 
Purvis, J. E. and Brack, E. H., The oxygen content of the river Cam before | 
and after receiving the Gambeided sewage effluent, 353. | 
Purvis, J. E. and Rayner, A. E., The chemical and bacterial condition of 
the Cam above and below ike sewage effluent outfall, 202. | 


=| 


Rastatt, R. H., The Mineral Composition of some Cambridgeshire Sands 
and Gravels, 132. q 
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-Rastaty, R. H., The Minerals of some Sands and Gravels near Newmarket, 
161. 
Rayyer, A. E., see Purvis, J. E. 
ReaD, J., see Porr, W. J. 
Relative Position, Theory of (WIENER), 441. 
_Repulsion in Wheat (ENGLEDOW), 433. 
_ Reseda odorata, Self-sterility in (Compron), 7 
_ Resistances, Comparison of nearly equal electrical (SEARLE), 340. 
Respiratory movements of Torpedo ocellata (MINES), 170. 
'Rosertson, J. K., Elected Associate 1912, October 28, 301. 
Rock-disintegration by Weathering (Hatcu), 62. 
_Rocxrs, L., Elected Honorary Member 1914, May 18, 484. 
| Rozston, W. E., Elected Associate 1913, May 19, 306. 
 Roéntgen radiation from cathode particles traversing a gas (WHIDDINGTON), 
. 144, 
Rossi, R., Elected Associate 1912, November 25, 302. 
Runes, W. A. D., A dust electrical machine, 249. 


Salinity in the Cell-Sap of Pure Strains (BALLs), 467. 

_ Sarcocystis coli, n. sp. (FANTHAM), 221. 

Sarcosporidia in Oolius erythromelon (FANTHAM), 221. 

Saunpers, J. T., Elected Fellow 1912, October 28, 301. 

_— A Note on the Food of Freshwater Fish, 236. 

-—— The Ammonia Content of the Waters of Small Ponds, 47]. 
Scuwaxse, G., Elected Honorary Member 1914, May 18, 484. 
SCHWARZSCHILD, K., Elected Honorary Member 1914, May 18, 484. 
‘Scorr, D. H., Elected Honorary Member 1914, May 18, 484. 

‘Suariz, G. F. C,, A Simple Method of determining the Viscosity of Air, 
183. 

— Experiments illustrating flare spots in photography, 205. 
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The Conductivity of Extremely Dilute Acid and Alkali 
Solutions. By H. H. Paine, M.A., B.Sc., and G. T. R. Evans, 
BSc. University College of Wales, Aberystwyth. 


[Received 18 August 1914.] 
I. 


The conductivity of water distilled with the usual precautions 
employing block tin or Jena glass apparatus, is of the order of 
1 x 10~ reciprocal ohm (1 gemmho) at 18° C. Distilling in vacuo, 
Kohlrausch has obtained water with a conductivity as low as 
0043 x10. This fact alone suggests that most of the contami- 
nation in the former is dissolved from the air. Direct evidence to 
this effect has recently been obtained by Bourdillon*, who has 
prepared water with a conductivity 0-086 x 10 by maintaining 
an atmosphere of pure air in the distilling apparatus. 
This residual impurity has often been regarded as the cause of 
the final drop, at extreme dilution, in the equivalent conductivity 
urves for acid and alkali solutions. It has been shown, however, 
that the presence of carbonic acid alone will not account for the 
observed phenomenon}. It has been suggested that a substance 
of the nature of ammonium carbonate must be present. 
Let us suppose that the distilled water contains as an impurity 
any substance (e.g. KOH or Na,CO,) which leads to an association 
of ions on the addition of a small amount of strong acid 
eg. H,SO,). The result will be that, as far as the conductivity 
of the solution is concerned, the first traces of the acid are used 
up and removed from activity—the conductivity of the new 
Solution being less than the sum of the conductivities of the 

* Journ. Chem. Soc., May 1913, p. 791. 

t Whetham and Paine, Proc. Roy. Soc., 81 a. p- 58 (1908). 
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constituents taken separately. This will go on until all the) 
impurity has been neutralised, as it were; we should then expect 
normal behaviour on the part of subsequent additions of H,SO,. — 

Accordingly, if we plot the simple conductivity (instead of the 
equivalent conductivity) of the dilute acid solution (after sub- 
tracting the conductivity of the solvent) against the concentration, | 
we shall obtain a straight line for the region of normal behaviour, 
(if the ionisation of the acid be complete). If this straight line’ 
be produced, it will cut the conductivity axis below the origin at) 
a point corresponding to the loss of conductivity involved in the) 
association of ions described above. * —__ 

Whetham and Paine have already shown that this is the case’ 
for sulphuric acid solutions. The present authors have tested the) 
rule with data supplied by Kohlrausch* and Whethamy+. The 
straight line of Fig. 1, for example, is derived from Kohlrausch’s 


i a 
7 
Atl = 


Conductivity (10-4 reciprocal ohm) 


1 2 3 
Concentration of H,SO, (10-4 gm.-equiv. per litre) 
Fig. 1. 


results. The experimental points lie accurately in a straight line 
for. concentrations ranging from the concentration of Kohlrausch*: 
most dilute solution up to 6 x 10~ gm.-equivalent per litre (the: 
neighbourhood of the maximum in the ‘equivalent’ conductivity, 
curve for sulphuric acid). For greater concentrations of sulphuric 
acid, of course, the ionisation cannot be regarded as complete. _ 
~ It may be remarked that the simple conductivity curve of a 


* See Whetham, Theory of Solutions, p. 437. ~ 
+ Phil. Trans., a. 194 (1900), p. 343. 
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simple salt like potassium chloride is a straight line, going through 
the origin. 

The form of the curve corresponding to the stage in the 
addition of the acid when the ‘neutralisation’ of the impurity is 
incomplete, will depend on the nature of the impurity. If it were 
an alkali (e.g. NaOH or NH,OH) we should expect that the 
conductivity of the water would be reduced (the net result of the 
addition of the first traces of H,SO, being the substitution of 
sulphate ions for hydroxyl ions). This reduction would continue 
until the neutralisation were complete, and the simple conductivity 
curve would immediately afterwards become normal. If the 
impurity were a carbonate (or carbonic acid), an actual dimi- 
nution of the conductivity of the water would not be expected, 
‘since the carbonic acid molecule (H,CO,) is more readily ionised 
‘than the water one (H.OH), and the velocity of the carbonate ion 
ds less than that of the hydroxyl ion. What we should expect, 
however, is that the simple conductivity curve would be concave 
(upwards) to begin with (while the carbonate ions were being 
suppressed), and that it would gradually become a straight line. 
Exactly similar effects would result in the case of the con- 
ductivity of correspondingly dilute alkali solutions if the impurity 
im the water were a free acid, or the salt of a very weak base. 
If the impurity in the water consisted of the salt of a strong 
acid or base, we should not obtain this form of association, and 
‘the form of the conductivity curve would not be influenced by any 
‘such impurity. 

_ Whetham and Paine have already applied this hypothesis to 
results obtained by them, and found it to explain the facts. We 
shall apply it to the results obtained in the present paper. It 
seems to be quite sufficient for providing a quantitative ex plana- 
tion of the acid and alkali conductivity curves without supposing 
these substances to behave in a manner essentially different from 
that of other electrolytes. 

II. 

We thought it would be worth while to measure the con- 
‘ductivities of acid and alkali solutions more dilute than those 
used by Kohlrausch and Whetham,—not so much for the sake of 
‘obtaining absolute values (the simple method employed was too 
erude to be trustworthy to that extent) as for determining to what 
lower limit the simple conductivity curve for an acid or alkali 
solution remains a straight line, and for determining approximately 
what form it assumes beyond. Solutions were prepared by the 
‘additions of a stock solution from a burette, and their conduc- 
tivities measured by simply transferring them to a conductivity cell. 
For the purpose of menue the conductivities of the 


1—2 
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solutions, two conductivity cells were used. The one cell (Fig. 2) 
was of ordinary glass, and had been in use for some years pre- 
viously for testing distilled water. Some of the earlier acid solutions 


Fig. 2. Fig. 3. 


were measured in this. The second cell (Fig. 3) was made of 
Jena glass. Some of the acid solutions and all the alkali ones: 
were measured in this cell. In the case of the acid solutions, the 
results for the two cells agreed closely, so that the solvent action — 
on the ordinary glass walls of the former cell was of no conse- | 
quence for the time the solutions remained in the cell. The | 
electrodes in both cells had been platinised and heated to redness © 
before being sealed into the glass. Contact with the electrodes » 
was made by means of mercury poured into the side tubes. 

The cell constants were determined by means of a standard | 
potassium chloride solution, the conductivity of which was deduced | 
from Kohlrausch’s Tables. The resistances in all cases were 
measured by means of the Wheatstone’s Bridge method, using the | 
double commutator and galvanometer. The cells were maintained | 
at 18° C. in a well-stirred water bath. 

The water used for all the measurements, and also for making — 
up the solutions, had been redistilled in a Jena glass apparatus — 
(of 6 litre capacity) with a little potassium dichromate and — 
sulphuric acid. The distilling flask was placed in a fume chamber, 
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through the side of which the condenser was brought out. Con- 
tamination from the fumes of the burner was thus completely 
avoided. In distilling, the first litre of water was thrown away, 
and the next two or three litres were collected. . 

Remarkably good water was obtained in this manner, the 
conductivity in one case being as low as 0°36 x 10~® reciprocal ohm, 
and generally being below 0°7x10-* This is probably due in 
part to the situation of the laboratory far from any large town, so 
that the air would contain relatively little carbonic acid and 
ammonia. Also the neck of the distillimg flask was very long, so 
that spray would not reach the condenser to any great extent and 
the ascending column of steam would be well washed. (Compare 
the washing of the steam as it occurs in Bourdillon’s apparatus.) 

Solutions of H,SO, and KOH of about milli-normal strength 
were prepared. Successive known quantities of these-stock solu- 
tions were added to specimens of distilled water (contained in 
a litre Jena glass flask) by means of a burette, and the resulting 
concentrations calculated. The conductivities were measured after 
each addition by pouring samples of these solutions into the con- 
ductivity cell. From these measurements the conductivities of 
the solutions in reciprocal ohms were determined and were plotted 
against the corresponding concentrations expressed in gram- 
equivalents per litre. 

Before giving the results, mention may be made of some of the 
precautions adopted to avoid contamination of the solutions during 
the experiments. As the solutions were extremely dilute, the 
possibility of contamination is naturally the first problem to be 
considered. The regularity of the results obtaimed in any one 
series, and the agreement between those of different series, were 
taken as evidence that these precautions were, on the whole, 
adequate. 

_ Contamination may arise from the solution of impurities, 
either from the air or from the glass surfaces with which the 
liquid is in contact. The experiments were carried out in a well- 
ventilated room. Whenever liquid had to be transferred from one 
vessel to another, the transference was made as quickly as possible. 
The openings to the conductivity cells were closed by small glass 


caps which effectively prevented fouling from the atmosphere. 


The flasks (of Jena glass) were of the ordinary long-necked 
measuring flask pattern, and were fitted with long glass caps to 
keep the stoppers and lips free from dust. Before use, they were 


rinsed thoroughly with warm potash and concentrated nitric acid; 


they were afterwards steamed for several hours; finally they were 


filled with distilled water and allowed to stand for several days. 
After this treatment they were inverted in distilled water with 
the stoppers loose, so that the lips and stoppers should be 


; 
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thoroughly cleaned; the water in which they stood was renewed 
twice a day for three days. The glass caps were treated in the 
same manner. 

Again, when transferring a solution from one vessel to another, 
a small quantity was always poured away first of all, for the 
purpose of washing that part of the lip over which the liquid 
flows. 

In order to determine what sort of error was possible through 


the transference of such extremely dilute solutions to the con- | 
ductivity cell, three or four samples of water were taken | 
successively from the same flask, and their resistances measured. | 
Series of readings of this nature were made from time to time | 
with different specimens of distilled water. The following four — 


series will serve as examples. The readings are in ohms. 


I II Ill IV 
710,000 690,000 541,000 1,570,000 
664,000 650,000 592,000 1,510,000 
717,000 665,000 640,500 1,500,000 

592,000 1,600,000 


‘These resistances show no continuous decrease. Variations in | 
the readings certainly occur, but the fluctuations are irregular, 
and there is no distinct evidence that the water in the flask was | 
fouled through the opening of the flask on these occasions. The - 
fouling, where it occurs, is rather in that portion of the water that 


flows out into the conductivity cell. 
Errors of this nature, it will be noticed, would have the effect 
of introducing irregularity amongst the individual readings of 


resistances, but would not appreciably alter the general direction | 
of the conductivity curve plotted in the manner already | 


described. 
There was an effect other than fouling, however, which proved 


of far more serious consequence, namely, what seemed to be ad- — 
sorption on the surfaces of the glass vessels. For these very 


dilute solutions this could not be ignored. In the case of the acid 


solutions it was apparently negligible, but in that of the alkali — 
solutions it rendered the results of little value. Thus the con-_ 
ductivity of the very dilute alkali solutions gradually diminished, ~ 
while the conductivity of pure water subsequently introduced into — 
the vessel gradually increased. Consequently only the sulphuric ~ 


acid results are recorded. 


III. 


The following, Table I, is a sample of the series of experiments — 


performed. It contains the measurements made on a series of 
sulphuric acid solutions prepared with one specimen of distilled 
water. The cell constant (4) = 0°550. 


Fig. 4 shows these results plotted. The residual conductivity 
of the water has not been deducted from the conductivity readings 
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TasLe I. Sulphuric Acid. 


Concentration of 


Resistance of Solution 


Conductivity of 
Solution 


Solution in Cell k 
(gm.-equiv. per litre) (ohms) (= R) ( = a) 
— — 1,545,000 3°6x 107 

DA) xe KOS? 1,400,000 3:9 
10-7 1,010,000 5-5 
19:2 735,000 7:5 
28-4 600,000 9:2 
38°4 485,000 11:3 
49-4 377,500 14:6 
61-5 317,000 17-4 
88:3 210,500 26-1 
149-5 112,500 48-9 
218 75,860 (2D 
298 54,100 101-7 
394 40,660 135:3 


in this case. 


Conductivity (10-6 reciprocal ohm) 


Concentration of H,SQ, (10-° gm.-equiy. per litre) 
Fig. 4, 


8 


It will be noticed that the straight line portion of the curve, 
when produced, cuts the conductivity axis at a point B, which is) 
below the starting point A. The portion AB represents what we 
may call the ‘loss of conductivity, the net result of the initial 
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irregularity in the simple conductivity curve. 


Table II is a summary of the observations made with four 


specimens of distilled water. The units are the same as before. | 


TABLE II. 


Lower concen- 
ue : : ‘Loss of Con- dk/dm 
No. of | Initial conduec- | tration at which Fis 
a ae : : ductivity’=AB | the tangent of 
Series | tivity of water eee He be in Fig. 4 ine strat line 
1 0°61 x 10-8 1:0 x 10 12x10 0:369 
2 0:64 x 10-5 ere 36 102 Oo7/ 32 IO=2 362 
3 0:36 x 10-8 O-ecalOm 0-8 x 10-° *355 
4 0:53 x 10-8 0:8 x 10-5 0:5 x 10-8 364 
Mean 0:362 
IV. 


Let us now examine these results in the light of the hypothesis | 
mentioned in the first section of this paper, dealing in turn with | 
the last three columns of Table II. : 

(1) In the first place it will be seen that the straight line | | 
persists for concentrations a little smaller than the smallest of | 


those examined by Kohlrausch (10~ gm.-equiv. per litre). 


That | 


is to say, the irregularities cease when the quantity of acid added 
amounts to about 0:8 x 10~* gm.-equiv. per litre, the residual 
impurities of the distilled water being then ‘neutralised’ — 
(2) Again, a comparison of the numbers in columns 2 and 4 
of Table II will show that the ‘loss of conductivity’ in any case 
is generally greater than the initial conductivity of the water. 
This is interesting, for it is the easiest way of seeing that the - 
presence of carbonic acid alone could not, as a rule, account for the — 


initial irregularities. 


acid through the addition of a strong acid. 


For any loss of conductivity that occurred — 
would be due simply to the association of this (ionised) carboni¢e 


Consequently the 


maximum loss of conductivity could not be greater than the 
initial conductivity of the solvent. a 
alkali or a carbonate, say ammonium carbonate, as the residual 


On the other hand, with an 


ea! 
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impurity of the water, the association which occurred through the 
addition of a strong acid would involve the disappearance of some 
of the hydrogen ions added, and not of the ammonium ions 
originally present. The loss of conductivity would consequently 
be greater than the original conductivity of the solvent, inasmuch 
as the velocity of the hydrogen ion is greater than that of the 
ammonium ion. 

For example, in Fig. 4 the loss of conductivity AB is about 
08 x10-% ‘This is due, we shall suppose, to the combination of 
carbonate ions (from the solvent) with hydrogen ions (from the 
acid added). The amount of (ionised) ammonium carbonate 
required to bring about this loss of conductivity on the addition 
of strong acid would itself possess a conductivity of 


70 + 50 
320 + 50 


(where the numbers 320, 70 and 50 are the velocity numbers of 
the H, NH, and 4 CO, ions respectively). The initial conductivity 
of the water is of this order. 

It will be seen, therefore, that the loss of conductivity in any 
particular instance is readily accounted for quantitatively on the 
assumption that the residual conductivity of the water is due to 
the absorption of ammonia and carbonic acid from the air in 
suitable proportions. The proportion would naturally vary with 
the actual conditions attending each distillation, Just as the 
conductivity of the water itself varies. The important point is 
that the quantities which the acid curve makes it necessary to 
assume are always such as can be fitted in with the conductivity 
of the solvent itself. 

(3) There is another important conclusion to be noticed. 
These results provide us with a method of deducing the ‘true 
value’ of k/m, the equivalent conductivity, for these solutions at 
infinite dilution. The straight line indicates that ionisation is 
complete (within the limits of observation) for the concentrations 
included. Hence the value of dk/dm, the tangent of this straight 
line, is the limiting value of &/m for ‘infinite dilution.’ These 
quantities are given in the last column of Table I]. In a similar 
way, using Kohlrausch’s results (Fig. 1), we obtain dk/dm = 0°364. 
The maximum value of k/m in the equivalent conductivity curve 
of Kohlrausch is 0355. 

(4) An illustrative series of experiments was carried out with 
avery dilute solution of ammonium carbonate. Successive quan- 
tities of sulphuric acid were added in the same manner as for the 
previous experiments, and the conductivities of the solutions were 
measured. The initial solution contained about 7 x 10~> gram- 
molecule of pure (NH,).CO, per litre, and had a conductivity of 


x 0°8 x 10-6 =0°3 x 10~ reciprocal ohm, 
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9-0 x 10-* reciprocal ohm. The curve obtained by plotting the 
results is shown in Fig. 5. It is exactly similar to those obtained | 
with the pure water, only the phenomena we are studying are 
shown on a larger scale. Also, dk/dm for the ‘normal’ part of 
the curve is 0°373. 


1:5 


Conductivity (10-4 reciprocal ohm) 


Concentration of H2SO, (10-4 gm.-equiv. per litre) 


Fig. 5. 


(5) We have supposed that ammonia and carbonic acid gas © 
are dissolved in the distilled water from the air, and that on the © 
addition of a strong acid, the hydrogen and carbonate ions combine — 
to form undissociated carbonic acid. Let us suppose that this : 
takes place according to the equation 


mlebre (Oa = = lal(COe 


Let m, and m, represent, respectively, the number of gram- | 
equivalents of H* and CO;~~ ions present in one litre, and mg 
the number of gram-equivalents of undissociated H,CO,. Then | 
when equilibrium is attained we have 
MM, = P. Mz 
Mah Ma 
7 


or 


. * See Note at the end of the Section. 
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where p is a constant. Hence, for any given value of the ratio 


E we should have only one value of m, wherever the reaction 
Me 
“occurs. 
_ Now in the illustrative experiments with the ammonium 
carbonate solutions, the form of the curve certainly depended on 
‘this reaction. The value of m, as calculated from Fig. 5 for the 
‘ammonium carbonate solution is found to be the same as that 
calculated from Vig. 4 for tbe distilled water. 
Thus in Fig. 5, if A be the initial conductivity of the solution, 
the straight Tine drawn through A would represent the con- 
ductivity of the acid solution if no combination of ions had taken 
place. Take any vertical line XYZ as shown. XY is the ‘loss of 
conductivity’ at Y. XZ is the total loss of conductivity that 
ultimately takes place, so that YZ is proportional to the number 
of carbonate ions still in solution. 
Ms, XV 
ji, 9 WA? 
since m, and ms are expressed 1 in gram- -equivalents. Also m, 1s 
the quantity of hydrogen ions present, 7.e. the amount added in 
the sulphuric acid (represented by the abscissa of the point Y) 
minus the amount removed as unionised H,CO; (proportional 
‘to XY ). For ionised H,SO,, &/m=0'362. Hence, since the 
velocity numbers of the H, 4SO, and $CO, ions are 320, 73 and 
90 respectively, the value of k/m for ionised H,CO, 

ue 


Hence 


XY 
0340 gram equivalents 
of H,CO, (and therefore of H ions) from the ionised state. 

_ Ms 


We have worked out the case in which —, - = — =], ealcula- 
WA ip 


Hence XY corresponds to the removal of ——— 


ting the values of m, from the Figs. 4 and 5. 
(a) For the distilled water (Fig. 4), 
AY =YVZ=0:44 x 10~ reciprocal ohm, 
which corresponds to 0°44 x 10-* + 0:°340 = 13 x 10~* gr.-equiv. of 
H,CO, (and of the corresponding H ions) per litre. This occurs 
at a point of the curve for which the abscissa is 2:2 x 10° gr.- 
equiv. of H ions added in the H,SO,. Hence the quantity of 
H ions still in the solution is the difference of these, viz. 0°9 x 10-® 
‘gr.-equiv. per litre (=m). 
(b) For the ammonium carbonate solution (Fig. 5), 
AY = YZ=145 x 10% reciprocal ohm, 
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which corresponds to 14:5 x 10~° + 0:340 = 42°7 x 10~ gr.-equiv. Oo 
HCO, (and of the corresponding H ions) per litre. This occurs 
at a point of the curve for which the abscissa is 43-4 x 10~* gr. 
equiv. of H ions added in the H,SO,. Hence the quantity ol 
H ions still in solution as such is the difference of these, viz, 
0-7 x 10-* gr.-equiv. per litre (= m,)*. | 

The fact that these two values of m, are the same is very 
strong evidence that we are dealing with the same chemical on 
physical change in both cases, that is to say, that the initial) 
irregularity in the sulphuric acid curve is due to this particular) 
action proceeding. ; 


Ve 


These experiments and calculations point with considerable | 
certainty to the conclusion that the impurity constituting the | 
main part of the residual conductivity of ordinary distilled water 
provides a sufficient explanation of the irregularity observed | 
with extremely dilute acid solutions. They also point to the con- | 
clusion that this impurity consists mainly of a carbonate. 

Similar measurements on alkali solutions should throw some 
light on the nature of this carbonate. As already mentioned, | 


* The recombination of the ions of carbonic acid is probably more complicated . 
than what we have assumed above, taking place in two stages, “a 
Ht+C0O3;--=H CO;-, 

and Ht+HCO0O;-=H,COs. 

Let m,,m,., and mg represent the same quantities as before, and let m, represent || 
the number of gram-equivalents of HCO, ions present. Then we have for equili- | 
brium 

M4 My=P1-™M4, 


and M1 M4=Py+ Ms, 
where p; and p, are constants; | 
) 
m 2 
whence 8 . 
m2 PiP2 


an equation identical with the previous one. F 
As for the conductivities, assuming the velocity number of the HCOs ion to be © 
about the same as that of the $CO3 ion (which is probable) the ‘loss of conduc- — 

tivity’ at Y(=XY) will be that due to the disappearance of (m3+ 4) gr.-equiv. of 
H and CQs ions, and the loss of conductivity still possible (=YZ) will be the © 
XY _m3+m ait 


conductivity of (m, +4) gr.-equiv. of H and CO; ions. Hence —— 
where this ratio is unity (for which case the above numerical calculations are made), | 


YZ ing +g” 
. XY ms : : : 
we have again YZ Sale Also, (m3+ma) gr.-equiv. of H ions have disappeared, 
ilo 
1.e. aon gr.-equiv. The calculation we have made on the simpler assumption 


still holds therefore. (Note that the total loss of conductivity possible is due to 
the disappearance of (mg+m3+2m,) gr.-equiv. of H,CO, from the ionised state, 
m, gr.-equiv. of HCOs ions giving rise to 2m, gr.-equiv. of H,CO3.) ; 
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these experiments are much more uncertain on account of the 
danger of adsorption by the glass vessels used. For obtaining any 
‘trustworthy results, it would be necessary to employ vessels of a 
- ke that does not behave in this way. For the present, 
therefore, we shall mention merely general results. 

Alkali solutions show a drop in the &/m curves similar to that 
found for acids, and we should therefore expect a similar explana- 
tion. Hence the suggestion that the kation we are dealing with 
is ammonium, since unionised NH,.OH would be produced on the 
addition of a strong alkali, just as onicatsed H,CO, is produced on 
‘the addition of a strong acid. If there be an excess of free 
-earbonic acid in the distilled water, the ‘loss of conductivity’ is 
still more obvious. The fact that both NH, and CO, are normal 
le constituents of the atmosphere lends a good deal of support to 
the suggestion. 

Again, if a simple conductivity curve be drawn with Kohl- 

| Bich: s figures for KOH, the result is very nearly a straight line, 
but not as accurate a one as the corresponding H,SO, curve. It 
appears to be approaching concavity at greater concentrations 
‘than in the case for the acid. On the ammonium carbonate 
hypothesis, this is indeed what we should expect; for though 
: NH,OH is a weak base, it is more easily lonised than H »CO,; so 
| that we cannot expect the bending away from the straight line at 
the foot of the conductivity curve to be so sudden; it should begin 
at greater concentrations and proceed more gradually. 
_ The hypothesis we have been developing demands that if we 
could work with water of the degree of purity attained by Kohl- 
-rausch, preventing the CO, and NH, of the air from reaching the 
water at any stage of the experiments, the drop in the k/m curve 
would be pushed into a region of much smailer concentration,— 
or, more exactly, the ‘loss of conductivity’ would be much 
reduced. In Kohlrausch’s experiments (Fig. 1), this loss is 
2:7 x 10-* reciprocal ohm; in our experiments (Table IJ) it is 
about 08x 10-*. It could never be made to disappear entirely 
however, on account of the real ionisation of the water itself, and 
of the recombination of the H and OH ions on the addition of an 
acid. / 


14 Mr Wiener, Studies in Synthetic Logie. | : 


Studies in Synthetic Logic. By Norpert WIENER, Ph.D.) 
(Communicated by Mr G. H. Hardy.) | 


[Received 13 July 1914] 


§ 1. In a recent article of mine in the Proceedings of the 
Cambridge Philosophical Society*, 1 showed how we can regard the) 
series of the instants of time as a construction from the non-serial 
relation of complete temporal succession between events in time,’ 
and how only a few simple presuppositions concerning the formal 
character of this relation of complete temporal succession sufficed | 
to establish the seriality of the relation of succession between in-| 
stants ; and, in a foot-note, I showed further how, without making | 
any assumptions concerning the formal properties of a given} 
relation, P, we can construct another relation from P in a perfectly 
determinate manner, so that this latter relation will always be a/ 
series. 

In this article, I wish to extend this method of series-con- 
struction in two different directions. I first mean to bring | 
definitions of order through triadic and tetradic relations under a | 
single very general heading, and to show that Frege’s theory of | ! 
hereditary relations and the theory of series-synthesis developed | 
in my former article can be generalized so as to apply to these. 
Then I shall give an alternative method of constructing series from | 
non-serial relations which bears much the same relation to the 
various series of sensation-intensities that the method of my 
previous article bears to the series of instants that constitutes one | 
sort of extension, time. 

In general, our symbolism will be that of the Principia Mathe- - 
matica of Whitehead and Russell, and we shall take the theorems | 
established in that book for granted. But as we shall have much to 
do with polyadic relations, and as the parts of the Principra which — 
will treat of general polyadic relations are not yet in print, it will 
be necessary for us to develop a symbolism of our own here, 
Such properties of polyadic relations as have precise analogues in — 
the theory of classes we shall take for granted. Moreover, as we — 
shall want to speak of properties of relations among any number - 
of terms, and as in Mr Russell’s system}, relations among m terms - 
belong to different types than relations among n terms, if m=, - 
so that no propositional functions whose arguments range over 


— 


Se 


* «©A Contribution to the Theory of Relative Position,” vol. xvm, Part 9, 
pp. 4419. 

+ See, however, my article, ‘‘A Simplification in the Logic of Relations,” 
Proc. Camb. Phil. Soc., vol. xvir, Part 5, pp. 387—90. The method of this article 
can be extended to n- adic relations i in general. 
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m-adic and n-adic relations exist, we shall have to permit a certain 
logical laxity in our symbolism. Though our theorems really 
demand a separate, though precisely parallel, proof when the 
relations dealt with are m-adic and when they are n-adic, we shall 
have to treat these proofs as one. Though every relation holds 
among a definite set of terms, we shall permit dots to fill the 
places of an indefinite number of these. Though the analogues of 
A, Y, §, etc. are different with each different sort of relation with 
which they have to do, we shall represent them all by the symbols 
we use in the case of binary relations. To the reader acquainted 
with symbolic logic, there will be no difficulty in reducing any 
particular case of the theorems I prove to a strictly rigorous 
form. 

§2. Let us write the proposition, ‘a,, d:,..., @, are in the 
n-adic relation R, as R {a,, a, ..., Gn}. I shall call a property of 
an n-adic relation, R, an n-transitinty of R when it can be written 
in the form 


(1) (qb, bs, D005 by) 0 Tr {ai, Az, Ug, +++, An, b;, bs, g00%) by = 


De iy ce Ge, 0 LO Gio Gay cee Gal 


where 7’, is the logical disjunction of a number of expressions in 
the form 


Bleep ---s Gn} - F ei,04', 1,001) « BG", 044, .-.30n"} 
R {c,, Gy e@eey Gale 


where / is not necessarily the same in each of these expressions, 
NEC IOC) 6 Co 9 oo 5. Cn p coe Ci Cay one Cn, which are not all 
distinct from one another, are to be found among ay, ds, ..., dn, 
b,,b,,...,b,;. Ordinary binary transitivity is an example of a 
2-transitivity ; the property of ‘betweenness, which may be 
written 


(qd): abd.bde.v.abd.bed.v.adc.dbec. 
v.abd.acd.bac.v.dab.dac.bac.v. bea: Dap,» abe, 


is a 3-transitivity; the property of Vailati’s separation-relation, 
which may be written 


(qe): ab||dc.v.cd||ab.v.ab|lec.ae||cd : Da,s,c,a+ ab|| cd, 


is a 4-transitivity. From these examples it is obvious that the 
transitivity-properties of relations are of very great logical 
interest, and that a method which shall point out significant 
analogies between the various sorts of transitivity is not without 
importance. 

One property which all sorts of mn-transitivity have in 
common is this: if R is any n-adic relation whatever, then it is 
always possible, given any particular form of n-transitivity, to 
construct ina perfectly determinate manner a relation, R’, 


including &, forming a well-defined function of R, having the 
desired sort of transitivity. 

_ This is proved as follows: let the n-transitivity in question be 
the one given in (1). Decompose 1p {ay, ..., dn, by, +0) Op}, Os 
indicated, into a sum of expressions of the form 

IRAs Crp bok, Colt a 18 1h Gyn 55040, |b 55 0 (6,0, C30 ee ene 


Let there be, say, f such expressions, the pth one always with 
l, R's. Replace each of these R’s by one and one only of the 
variable relations X,, X.,..., Xm, with the same arguments as. 


Daf 
the & it replaces, and let m= > 1,. We shall thus transform 
p=l 
1’, into a relation which is a function of the m variable relations 
: T 
X,, Xo,..., Xm. - Let us call this relation Xs ae Now, let | 


us define the relation X,X,... Xi» as follows: 
i ——____f 
(2) XsKye Xm (eas Bay Oa} «= « (0s ay nna Bi) 


T | 
Ae ae (G1, An, +045 Mn, Dy, by, .., bx} Df. | 


| 
| 
| 
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Like rx. ace XC INOS ye a function of Age AG. ene 


where the latter may assume any values which are n-adic re- 
lations. Now, I define the class of T-powers of R, or, as I write it, — 


—>- 
TR, as follows : 

CB) LEE Gs XG 005 hyn 6 [oc Dy, es 
XOX 6 Min € po eon ae Sep} Df. 
sae aa 

I make the further definition, 
— 
(4) Bp=sTSR Def. 


Now, Ry includes R and is a function of it, and has the desired 
sort of n-transitivity. 
First, Rp includes R. For, since, as may be seen on inspection, — 


. — | 
RT,,R, Re T,,.“R. Since every member of a class is included in | 


= | 
the sum of the class, RE&T.“RGER,. Secondly, as Rp is 
derived from R by a process which is really perfectly definite — 
(though I admit that some of the stages of the process by which — 
I have derived Ry from R are not uniquely determined, ’a little 
reflection will convince one that all the possible determinations of 


a yield the same value of R,), it is a function of R, and 
1 94 30! ™ 
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of R alone, once J is determined. Thirdly, Rp has the desired 
sort of n-transitivity. For we can write 


Pp, {Ay , Me, see, n, b,, bs, S05 Op 


as a sum of products of the form 
CH Cr 2 Cp} o Pepi (Cy 5 Cary on On} «2» Lop {C1 Cg y.5205 One 
Now to say Rp {d,, dz, ...,dn} is, by the definition of Ry, the 


same as to say that there is some S such that ST,,R, and 


iS1d,,d>,.-.,d,}. Therefore 
| Dp Gop ono Ups Ons Usp soe Oi 
is equivalent to 


iy, 


di 
(qs: So, 00.0 5) Sim) 0 SE Carne Gis |@y, Os, ore, An; Oy, Os, 0005 by} o 


: SR Gene STs 1h, 1 Sy Toke 
| Therefore 
foe eie ra (0), 0s,---, 0;)- T I Chisf Oy ova Cunt Os Oy be anh oo 
i 
= ce (qiSte say coon ye S182 .-+ Sim (as Ms step Giphc 
SOP 1B 0 Spelt 0 SM IE soe Sap ll aadas be 
28 (GiShip/Shp cose rao Rens one Sy Chip Chis onan Cin to 
Si 
Ky Xo Xn Me Ix, y,, x, AAs Xm eH 
JSG IB Dyno Sap (Stn coon 73/2 OB 
5) 55 (ap Stin(Ses abbas) easier Boe Sip) Oks Chip sob yamie ce 
ar 


X,, X55... XmepeDy x x sBidiges thin B/E 


(ll 


Qo +889 “hon 


JRRETTECD Vis Sui Sieeas (ies (Vibe 
aaa T 


5) 82 (Gp Shy Sen onns (Spy orsnishoos(Sip. (in Capinen Cpl o 
SS 
[Si iSts\see (Stn Jlidas He 
eer 


pr 
>> 
2) 88 (Gl) e OG Cee anon tna UG It ee 


= 
=) #8 (GUO) Gig Ginn can Cal) Oe 
S) 8B Ltn by soon ial 
This is what we wished to prove, for, if we compare this with (1), 
it shows that R,, has the desired sort of transitivity. 

_ When the transitivity in question is ordinary binary transi- 
tivity R, becomes R,,.. In general, the appropriate form of Rp 
performs the function of R,, in systems whose order is given by a 
triadic or tetradic or other polyadic relation. 
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LA | 
§ 3. There is another important sort of property which the 
ordinary serial relation, the ‘between’ relation on a given line, | 
and the separation-relation have in common. For the binary serial. 
relation, it 1s ordinary connexity; for the ‘between’ relation on a 
given line it may be expressed in symbols as 
(Wm,n):amn.V.man.Vv.mna:bmn.v.mbn.v.mnb: . 
CMN »«V«MCN«~V»MNC? Da,d,c! 
G=b).V.0=C.V.cC=Q.V.a0C. Vv. bea. Vincab. 
for the separation-relation it is 
(qm, n, 0): am||no.V.mal||no.Vv.nn||ao.Vv. mn||oa: 
bm ||no.v.mb||no.v.mn||bo.v.mn|| ob: 
cm||no.Vv.me||no.v.mn||co.v.mn||oc: 
— dm||no.v.md||no.v.mn||\do.v.mn\jod: 
Du,b,c.42¢=0.V.b=¢c.Vv.c=d.vV.d=0.V.0—¢.¥ 0 
ab ||cd.v.ac||bd.v.ad|| be. 


For the sake of brevity, let us generalize the notion of ‘field’ in | 
the following manner: , 


A 


Ges (oP @ (G15 hay acon Cpa) & 
E1201, Gz, +. Opa) nV. Ly (ay, yO; ) ao) an 
v. EF \dy, de, ..55 On 2} 


Now, I shall define a property of an n-adic relation, R, as an | 
n-connexity of that relation if it can be written in the form 


(CO) Ging Cy saen One OIE RUBS in Dip BOG Se Cin) © Bc, ° 
Uh (OOP yeeney WIAA Aa) Oh Oe oon Cn |) oi 


My iA iA 
Reidy; Ge, ..-, Om {1 Vo.. Ve (a), a) eee 


(6) C= 


where @y’... dy’, @y” ... Qn, ..., @" ... Qm'®) are each definite per | 
mutations of @...@,. It is obvious that ordinary binary connexity / 
is, by this definition, a 2-connexity, and that the properties of | 
‘between’ and separation which we have just mentioned are, | 
respectively, 3- and 4-connexities. 3 

Now, I wish to raise with regard to n-connexities the precise © 
analogue of the question which we raised with regard to n-transi- - 
tivities in the last section: is it possible, given any n-adic relation | 
and any m-connexity, to form by a perfectly definite method an - 
n-adic relation genuinely dependent on this relation, having the | 
desired sort of n-connexity ? | 

As in the former case, I shall answer this question by actually _ 


| 
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constructing such a relation. I shall define the relation A,, as 
the relation such that R {a,, dz, ...,a@,} when, and only when, 


Ay, Ag, +++, An € CR, 
and the conclusion of (7) is false*. 
I shall define the class, wp, as follows: 


A 
(8) @p = a {a, | € a . Ay ? As, eee, An—2 (Si GSR . 2 i, a1, MQ, «+5 In—2 a 


LCN CA Osy 6-25 On al « Len (0) Gy, Ys Og, 10, Opie) vem 

Ee ENON Oss 222) naa, Yl » Lign Ys 2) Oi, Os, «5 Ono « 

in [Cay Bh Cay ee Cia toe tien (in ees Ch once Cran UB nee 
MC rs. Oreo hi = ce Luan (Ci, Cg, <5 Enon, ©, Yh os 
te ety (0, Dis Da, 2 On_at «Va Loa (Ou, ©, Oa 5---)0n a} » Vi .-- 
Vv, IRAN {b,, b., ADA: c} te Dye xp cconnan © b,, OS sisiery (Drees ea} Df. 


Next, I define ins as follows: 


5 AA 
emis 2 fore Oona) On| ay ay a, ON, Ons) ln EQ 
(Gaia Ga, <2.) Bp) «0 € Oy « Gy EAs... Un EA G [0y, >, ---, Gn} DE. 


Now, I claim, ins‘R possesses the desired sort of n-connexity, 
whatever A may be. 

For did it not, by (7), it would be possible to find n distinct 
Q's, SAY M4, @2,---, %, Such that none of those relations hold between 
them which can be made from those in the conclusion of (7) by sub- 
stituting ins‘R for R, and each a for the a with the same number ; 
while, as we learn from (9), each ais a member of w,. ‘That is to 
say, if we pick out one member from @, say 2, one from a, 
say z,,and so on till we come to a,, from which we pick out w,, then 
2, Up, ..., Lp» Will stand to one another in none of the relations men- 
tioned in the conclusion of (7), and hence will stand to one another 
in the relation R,,. This will be true whatever the values that x, 
takes in a, 2, in 4, etc. It is easy to see that from this and the 
second half of the proposition in the brackets in (8), we can 
conclude that a,=a,=...=4,, which contradicts our hypothesis. 
Hence, ins‘R always possesses the n-connexity expressed in (7). 

Another and equally important property possessed by ins‘R 
is that, if (ins‘R) {a4 %,..., An}, 1, M,---,% are all distinct. For 
suppose that (ins‘R) {a,, 4, ...,%,-..,4n}. Then we shall have to 
have, by the definition of ins, RF {a, de, sreaiOs = -- Onion WHEL, By 
belongs to %, a, to %, etc, b to a, and so on till we get to dp, 
which belongs to an; %,%,+--,4 are all, by the definition of ins, 
members of wz. Therefore, by the definition of w,, we shall 


* Tt will be seen, of course, that Roa, wa, and ins are essentially functions of 
the particular sort of n-connexity asserted in (7). 
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have R,, {d,, ds, ...,0, ...,@n}. Weare thus led into a contradiction, 
It will be noted that this property too is characteristic of ordinary 
binary serial relations, of ternary relations such as the ‘ between’ 
relation, and although in this case not clearly stated, of Vailatis | 
separation-relations. : 

§ 4. Now two interesting questions arise: first, what hypo- 
thesis 1s necessary concerning the n-adic relation & if ins‘f is to 
have a given sort of n-transitivity ? and secondly, is it possible to | 
build a function of A which has any given sort of n-transitivity, | 
any given sort of n-connexity, and is such that if this function: 
holds between 4, K2,...,4n, the «’s are all distinct? The first: 
question is exceedingly easy to answer. Let the transitivity in} 
question be that of (1), and the connexity that of (7). Modify (1) | 
in the following manner: if in any of the products that, added, | 
make up 7’p, a term, say w, occurs as argument to several R’s, | 
replace it in all but one of its occurrences by some term, so that in: 
no two occurrences is it replaced by the same term; multiply) 
the product in which it occurs by all the expressions which can be 
formed by taking £,, [derived from the connexity expressed in) 
(7)], and giving it as arguments any n (not all necessarily distinct) 
of the terms which replace x, including # itself; and introduce | 
the terms, other than a itself, which replace #, as apparent | 
variables, in such a manner that their range is the whole left side | 
of (1), and that they are preceded by an q. If we transform (1) | 
in this way, it is easy to see, though tedious to prove, that we: 
obtain a sufficient condition for ins‘f’s possessing the sort of | 
n-transitivity indicated in (1) and the sort of n-connectedness 
indicated in (7). | 

As to the second question, it is almost self-evident that 
ins‘[(ins‘f),] possesses the sort of m-transitivity indicated in (1), | 
the sort of n-connexity indicated in (7), and that if 


{ins‘((ins‘R)p]} {«1, 2, ---, Kn}, 
and «;, «;,1=j. The two latter properties follow simply from the | 
fact that this relation is an ins of something; the fact that it | 
has the former quality follows obviously from the following con- | 
siderations. If Q has any sort of n-connexity, and Q G P, then P, | 
a fortiori, has the same sort of n-connexity, if its field is that of Q; | 
for the hypothesis of (7) (with R changed throughout to Q), | 
remains unchanged, while, if 4 


Qa) a9, a,°}, then P lai, a," enema 
so that the conclusion of (7) is true of P if it is true of Q. There- - 
fore, (ins‘f), has the desired sort of n-connexity and n-transitivity, - 
though it may be possible for us to have 7+), «,=«;, and | 
(ins‘R), {k, Ko, ..., Kn}. Since (ins‘R), is connected in the way 
determined by (7), [(ans‘R),]c, can only hold between a,, a, ..-, 
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| when %=a,=...=. Therefore, o(insR),, 18 made up exclusively 
‘of unit-classes. Now, we can write the condition for the n-transi- 


(10) (WM; re; sary rx) T ins(Gns‘R) 7] {K1, Ko, +-+,Kn, Ma Ae; seep aval . 
/ >) aren EADS (HOSTED al) sin Haan conn rahe 

| The expression in the form 7'nsqiins‘gy is here the sum of pro- 
ducts of terms of the form ins‘[(ins‘R),| {u1, Mo, .-., ln}, where the 
psare to be found among the «’s and 2’s, and all the X’s appear 
somewhere as arguments to ins‘[(ins‘h),]. Therefore, since 

| CAns‘[(ins‘R)_| C @ ins“) . 

| all the «’s and ’s are unit classes. Therefore, since 
| 


K1, Ka, .. 


fins‘[(ins‘ 2) |} {74, Ye, ----, Yn} 
holds when and only when », ... vy, are members of wins‘Ry,» and 
‘there is an a, belonging to »,, an a belonging to m,..., an & 
belonging to y,, we may write (10) as follows: 


| (11) (qi, Bo, 0905) Px) . Bi, Bo, Bx; 1, Az, +++, An € UO lins’R) mn * 

Piins'R) 7» (%, Zl coos Chae [Sing Bs, cory Bu} ee eaOS@hu), (Oy, Qo, se ral 

From (5) it follows that (11) is identically satisfied, and hence 

that ins‘[(ins‘2);| has the desired sorts of n-connexity and n-transi- 

tivity, and never, to put it roughly, relates a member of its field 
to itself, whatever R may be. Hence, if we have a system whose 

‘postulates can be put in the form of three propositions, one 
asserting a certain n-transitivity, another a certain n-connexity of 
a given n-adic relation, P, and the third asserting that P never 
relates a member of its field to itself, then, given any n-adic 
relation, R, we can construct a function of R having the desired 
properties of P. Moreover, it is easy to see that if F itself has the 
desired properties, the constructed relation will be, so we may 
put it, of the same formal properties as h, but two types 
higher. 

§ 5. Now, there are very important sorts of relations whose 
definitions may be put in the above form. The general ‘between’ 
relation between members of a series is, it 1s easy to see, com- 
pletely determined as to its formal properties by the three pro- 
positions 


(qd): abd .bde.v.abd.bed.v.adc.dbe. 
v.abd.acd.bac.v.dab.dac.bac.v. bea: Day,¢ « abe, 
(qm, n):amn.v.man.Vv.mna:bmn.v.mbn.v.mmnb: 
CNUs VINCI = Va TNC Dy 5.0% 
a OL IG Ni — CaN OU C Wan OCU ta Vien. a 


Mee 56.0). C.a + 0: 
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‘ 
Similarly, if we understand the separation-relation to hold 

only between four distinct terms, the general separation-relation is 

completely determined by the three following propositions : 


(qe): ab ||dce.v.cd|jab.v.abljec. ae||cd: Da,o,c,4 = ab || cd, 
(qm, n, 0) :am||no.v.ma||no.v.mn||ao.Vv.mn||oa: 
bm||no.v.mb||no.v.mn||bo.v.mmn|| ob: 
em ||no.Vv.me||no.v.mn||co.Vv.mn|loc: 
dm||no.v.md||no.v.mn||do.v.mn|lod: 
De cd20—0.V.0—C.V.¢—0 «V0 —@ V0) — Cn 
ab||cd.v .ac||bd.v.ad|| be, 
QDi|cd 1 Dinca = @ 40s @ (Cle ini0) cl ODE tee 


That is, from any triadic or tetradic relation, we are able to 
construct a between-relation or a separation-relation, respectively. 
This fact should play much the same part in explaining how the — 
regular relations of space may be derived from the irregular 
relations to be found in our experience that the analogous fact 
concerning dyadic relations plays in showing how the serial | 
relation of the instants of time may be derived from the non- | 
serial relation of complete succession between events*. Logically 
too this fact has a considerable interest, for it gives a hint of | 
another method of defining mathematical systems than by the 
use of postulates; given our fundamental logical postulates to 
start with, we may be able to select the fundamental ‘ indefinables 
of a mathematical system in such a manner that whatever values | 
they may assume within their range of significance, the funda- | 
mental formal properties of the system will remain invariant. | 

§ 6. Of course, all the formal properties of a triadic or tetradic¢ © 
relation are not determined when the relation is completely deter- — 
mined as a between or separation relation. Hence there remain 
interesting and important questions yet as to whether simple » 
properties of A may be given which will give ins‘f or Rp or ° 
ins‘[(ins‘f)7] properties analogous to density or ‘ Dedekindianness, — 
etc. If density with respect to a given transitivity, say that of (1), | 
be the property of a relation R which holds when the implication — 
in (1) is converted, then it requires little proof to see that if the — 
converse of (1), modified in the manner that (1) is modified im the © 
first paragraph of § 4, is true of R, and if C‘RCs‘op, then 
ins‘R will have the required sort of density. 1 know of no simpler — 
property of R, however, by which we can replace C‘R Cs‘ap, 
and, at any rate, if R is a between or separation relation, this | 
sort of density will not be the property which we would naturally 
call by that name. If R {a,b,c} means ‘b is between a and ¢, 


| 
| 
| 


Vv 
Vv 
Vv 
Vv 


Se = — +e 


* See Proc. Camb. Phil. Soc., vol. xv11, Part 5, pp. 4419. 
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then what we would naturally call density would be the property 
of R which can be written 

| Gc) -20,ceO'R -D:. (qb). h(a, b,c) iv sac: 
Provided that C‘P Cs‘ap, then if P is any triadic relation having 
this property, then ins‘P, and hence, as may be seen easily, 
(ns‘P), and ins{(ins‘P);], will have this property. 

| Let us now turn to the second topic to be treated in this 
paper, the problem of the synthesis of the series of sensation- 
‘intensities from the relations between sensations given in ex- 
‘perience. This problem, in itself, is not one of pure logic or of 
pure mathematics, but its solution depends upon the solution of 
a purely logical and mathematical problem. In my previous 


article*, as I said at the beginning of this paper, I showed how 
: from the relation of complete succession between the events in 
‘time, we can construct the series of the instants in time. The 


method was the following: we make the definitions: 


(12) P,,=(2P=P)P OP Df. 
(13) maleate ee Dé. 
(14) insb= QP(Q=(esP) Ere} Df. 


If P is the relation between two events, # and y, when «# is over 
before y begins, then P,, is the relation between two events which 
occur together at some moment; Tp is the class of all instants of 
time—that is, the class of all those classes, a, such that a is made 
up of events in such a manner that every two events in @ occur 
together at some moment, and if an event occurs at the same 
moment with every member of a, then it belongs to a; and inst‘P 
is the relation between two members of tp—that is, instants— 
when some event at the first instant is over before some event at 
the second instant begins: that is, it is the relation between an 
instant and a succeeding instant. If P|P,,| PGP, whether P is 
a temporal relation or not, inst‘P will be a series. Now, let P 
stand for the relation, say, between any coloured object and a 
noticeably brighter one. Then P,, will be the relation between 
two coloured objects when the first is apparently of the same 
brightness as the second, for it is the relation between two members 
of the field of P—that is, coloured objects—when neither is in the 
relation P to the other. Now, it is obvious that when «P| P..¥, 
# must be, noticeably or unnoticeably, more bright than y, for this 
proposition says that w is noticeably brighter than some object 
which, at the brightest, is indistinguishable from y. Therefore, it 
is obvious that if wP|P,,| Py, # is brighter than something 
noticeably brighter than y, and hence is noticeably brighter than 


* See Proc. Camb. Phil. Soc., vol. xvu1, Part 5, pp. 441—9. 
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y, and P| P,.| PGP. inst‘P is therefore here also a series, and 
nothing would seem more natural than for us to call it the series 
of sensation intensities. i 

But there are serious objections against this method of pro- 
cedure, and here a genuine logical problem arises. For, although 
it is natural to regard a sensation-intensity as a class of sense- 
objects—the class of sensations ‘of a certain intensity ’—we ' 
naturally consider the intensity of a given sensation as uniquely | 
determined, and the relations between two sensations, # and ¥, 
when « is of the same intensity as y, as a transitive, symmetrical, || 
reflexive relation. Now, in general, rp is not a class of mutually ; 
exclusive classes, and the relation between two terms which belong ! 
to the same member of 7p is not transitive. The fact that a certain | 
river was flowing during the Siege of Troy, and is flowing while 
I am writing this article, does not mean that I was writing this - 
article during the Siege of Troy, yet if we take P as the relation 
between one event and another which completely follows it, my 
writing this article and the flowing of the river will both belong 
to some member of tp; the Siege of Troy and the flowing of the | 
river will both belong to some other member of tp. So we have | 
the definite mathematical problem before us: given a relation, P, | 
fulfilling certain conditions, not sufficient to make it a series, we wish | 
to construct from it a serial relation in such a manner that the 
terms of this series shall form a class of mutually exclusive classes. 

I shall first give the method by which this series may be~ 
derived from the relation between x and y when z is of noticeably 
greater intensity than y; then I shall state a set of conditions — 
sufficient to secure the serial character of the derived relation, and | 
finally I shall interpret conditions and results. Perhaps the best 
method logically would be first to formulate all the conditions to » 
which the original relation must be subject, and then to treat the — 
problem as a purely formal one, but the logical gain would hardly 
zompensate us for the loss in clarity. So I first make the follow- — 
ing definitions : 


, 
Vv 


> — 

(15) P,=(Pee| Pre) [ C&P Df. 
(16) Kee ee, DE 
(17) int —OP(Q—|e5(P.| Py wae 


If P is the relation between x and y when z is, say, noticeably 
brighter than y, then P,, is the relation between two things which — 
are not distinguishable as concerns their brightness, and P, is 
the relation between two things possessing brightness when 
each of the things which is indistinguishable from the one in _ 
brightness is also indistinguishable from the other, and wice versa. 
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‘It follows at once from the definition of P, that it is transitive, 
symmetrical, and reflexive, whatever P may be, and hence in 
‘this respect it satisfies the requirements we have set up for the 
relation between two members of a sensation-intensity. 

Xp is the class of brightness-intensities, where P 1 ee the relation 


‘noticeably brighter than.’ Since 2X is defined as DP, it follows 
that it must always be a class of mnutoally ue classes ; for 


suppose that two members of Xp, say P. ‘x and Ps y, had the 
term Zz in common. ‘Then we would have zP,a and zPsy. 
From the definition of P, it is symmetrical, so we get wP,z and 
Py, which, on accom) of the transitivity of 12, gives us 


aPyy, and, hence, P. wn us In just the same way, we get 


P. a G PE x, or, finally, P. “oy = Ps x. int‘P is the relation between 
‘wo members of Xp when a member of one is in the relation P,, | P 
with a member of the other. Whatever P is, int‘PGJ. For 
suppose that a (int‘P)a. Then, since a must belong to Ap, every 
term of a stands in the relation P, to every term of a. However, 
from the definition of int‘P, there must be two terms of a, # 
and y, such that #P,,| Py. This may be written as 
GBc@ew. Zea. 
From this and the definition of P,,, we get (q2z)»@P6o212~ Prey, 


> > 
or P,,‘v+ P..“y, which may be written «+P,y. Thus, the 
assumption that ~(int‘P G./) is self-contradictory. 

A condition which will ensure the transitivity of int ‘P is 
P,,|Petrans. For it follows from the definitions of P;, Xp, and 
int that if a(int*PY B, alfe UE | Je P.,| | ez, e522 Belek 

Now, 


fell loca |) bree = a2 (qa, 4 ys oi Poly 0 Pen YP 0 25 
= #2 \(qy) iE Gy — pee -Z€ aR = /Po 


> => 
ee theretore, P..| P|P..| P..|Pse|P is simply P..|P|P..|P. Tf 
P,,|P is transitive, then we find that a(int‘P)?@ implies that 


al{e%(P..|P)} [Ap] 8, which is simply a(int‘P)8. A hypothesis 
which will make P,,|P transitive is P| P,,| PGP. This is the 
same condition which we found to suffice for the transitivity of 
inst‘P. 

When will int‘P be connected? Under what conditions, that 
is, will it be true that 


a, Be Cont*P .a+B.d.9:4 pon es Vi) (int*P) a ? 
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This condition is manifestly implied by 

a, Perp.a+ 8. D,,2:a(int*P)B.v.B Gnt*P) a. , 
Since a (int‘P) @ merely demands that a and @ should be 
members of Xp, and that some member of a should bear the 
relation P,.|P to some member of 8, and since if # and y are 
both members of a, and aerp, «P,y, int‘P will be connected if 


eV P rane Jedi aa Oer.| 1° 2. 


Now, 
> = 
© CU ie 88 eee ro ep nace pes Teen 
Dy GI) Beng ay EA neds) GAP a 3: 
Day te (HZ) 2 Pp. ZPY V+ 2Pooh YPZ Vi. ZP oo -ZPL NV »ZP cel «LPH 
Dry = Oleee | Ye V a Yl | Pig «MY e|| Face Vile id ee 
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we have just shown to be sufficient for the connectedness of int*P. 
§ 8. We have seen, then, that if 
P..| Petrans and): P| P36 Pz | Pe inigelecer: | 
Now the questions arise, what do these conditions mean when P | 
is, for example, the relation ‘noticeably brighter than’? and, are 
they true of such relations? The meaning of P,,|Petrans in 
such a case is clear, as is also its truth; P,,|P is the relation 
between two objects, # and y, when z is not merely apparently, but 
actually brighter than y, for #P,,|Py says that x is only sub- 
liminally different, if at all different, in brightness from something ~ 
that is supraliminally brighter than y. Now, the transitivity of | 
the relation, ‘brighter than,’ is obvious: at least as obvious, at 
any rate, as the existence of a series of brightnesses. | 
The meaning of P|P,,€P,.|P, however, is not quite so » 
obvious. This condition demands that if « be noticeably brighter ~ 
than something indistinguishable from y, it shall be indistinguish- 
able from something noticeably brighter than y. We may interpret — 
this demand as saying: if w is noticeably brighter than everything © 
noticeably less bright than y, then y is noticeably less bright than 
everything noticeably brighter than « A little reflection will — 
convince us that this proposition is probably true: moreover, — 
it is easy to see that its truth, and the truth of analogous © 
propositions concerning all sorts of sensory intensity, form — 
necessary conditions for the truth of the Weber-Fechner law. 
For suppose that this proposition were false: we might then 
have, to put it crudely, w and y both just noticeably brighter than a, 
and w just noticeably brighter than x, but subliminally different 
from y. Let a be the objective strength of the stimulus pro- 
duced by z; then, by Weber’s law, the strength of the stimulus 
produced by «# or y will be a(1+c), where ¢ is a constant 


If P| P,. © P,.| P, this reduces at once to the condition that | 
| 


| = | 
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independent of the value of a. Since u is just noticeably brighter 
than #, the strength of stimulus produced by w will be 


a(1+c)(1+c)=a(1+2c+4+c’). 

But since w is only subliminally different from y in brightness, 

the strength of the stimulus produced by w is less than 

a(1+2c+ c’). 

Hence, we are landed in the contradiction, 
a(l+2ce+0)<a(1+2c4+). 


ik little reflection will convince the reader that any other way of 
violating the condition, P | P,, € P,.| P, would likewise be incom- 
patible with Weber's law. 

This seems the proper place to call attention to the fact that 
if P be the relation of complete precedence between the events in 
time, P|\P,.€ P..|P is false. For suppose that at this present 
moment two events begin, one of which lasts five minutes and 
‘the other ten. It is clear that neither event can be simultaneous 
with an event which wholly precedes the other: that is, neither 
bears to the other the relation P,.|P. Now suppose that one 
minute after the shorter event is ended, some event begins. This 
bears the relation P,, to the longer event, and the shorter event 
bears to it the relation P. Therefore, the shorter event bears 
to the longer event the relation P|, = 1a P. So we have 
proved nothing in this article which entitles us to say that if 
P is the relation of complete precedence among the instants of 
time, int‘P is a series. And, as a matter of ‘fact, it is not a 
‘series. If, however, we limit the field of P to events, say, 
that last exactly five minutes, then P| P,, © P.. | P, and int“P 
Is a series. 

In case P ig the relation, ‘noticeably brighter than,’ one 
ean readily see that int‘P is not only a series, but the series we 
mean when we speak of the series of brightnesses. For, if 
Weber’s law is true, or even if some quantitatively different law 
of the same general form is true, P; is exactly the relation which 
holds between two things of the same brightness, for #P,y says, 
practically, the limina of distinguishability from # are the limina 
of distinguishability from y, and it can be deduced from this and 
Weber’s law that this is true when and only when w and y 
produce stimuli of the same intensity, and hence it follows further 
from Weber’s law, « and y must be of the same sensation-intensity. 
Xp is therefore the class of all classes containing all the things of 
the same brightness as a given thing, and hence can be fittingly 
called the class of all brightnesses; and what could be more 
“natural than to say that a given brightness is greater than another 
when and only when a thing of the first brightness is brighter 
than a thing of the second ? 
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If we want to secure the compactness of int‘P, it is sufficient 
to assume the compactness of P,,|P, though not, as far as I know, 
necessary. Similarly, P,.|Pe¢Ded is a condition sufficient to 
assure the Dedekindian character of int*P. ¢ 

The interest and importance of this work on sensation-inten- 
sities lies in the fact that it is often naively assumed by psycho- 
logists that the series of sensation-intensities is in some wise | 
a datum of experience, and not a construction. As a result, they | 
are led into the most grotesque interpretations of such numerical) 
formulae as Weber’s law. A series of sensation-intensities is | 
often treated as if it were, in some sense or other, a series of) 
sensation-quantities, without any analysis whatsoever of the basis | 
on which this series is put into one-one correspondence with the | 
series of 0 and the positive real numbers, in order of magnitude. 
It is at any rate a necessary preliminary to this exceedingly | 
complex problem to know what the series of sensation-intensities 
really are, and what their relation to our experience is: with- 
out this analysis, no scientific psychophysics is possible. 
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The Determination of the Prime or Composite Nature of Large 
Numbers by Fermat's Theorem. By H. C. Pock.ineron, M.A., 
St John’s College. 


i 
f 


{ [Read 9 March 1914. ] 


1. Probably the best way to find out whether a large number 
WV is composite is to take some number w and find the least 
residue of 27 to modulus NV. Of course we first raise 7 to powers 
the indices of which are powers of 2 by repeated squaring and 
division by the modulus to find the remainder, and then multiply 
‘numbers chosen from the results so that their indices add up to 
N-1. If #~ is not =1 mod. N we infer from Fermat’s Theorem 
that Vis composite. The object of this paper is to explain how 
to proceed if we find that 2” =1 mod. WV. 
! 2. Let p be a prime divisor (preferably the largest) of NV —1, 
contained «@ times in it, and let (V¥—1)/p=m. We now find the 
remainder of 2” to divisor NV by the method already given. If 
the remainder is not unity we subtract 1 from it and find the 
greatest common divisor 6 of the result and V. If 6+1 we have 
of course found a factor 6 of V. If 8=1 we see that v”—1 is 
not divisible by any prime divisor of N. Hence the exponent to 
which « belongs with respect to any prime divisor 7 of VV, which 
we have found to divide NV — 1, does not divide (NW —1)/p. Hence 
it contains p* as a factor. But m—1 is divisible by this ex- 
ponent. Hence 7—1 is divisible by p*%, so that all the prime 
divisors of N are of the form kp*+1. If now p” is greater than 
VN this shows that N has no divisor less than its square root, so 
that NV must be prime. If pis not too many times smaller than 
/N we shall only have to try a comparatively small number of 
possible divisors. If p* is too small we proceed in the same way 
with another prime factor g of NV, and will probably succeed in 
finding a factor of NV or in showing that every prime divisor of NV 
is of the form kp%q? + 1. 

It may happen* that #”"=1 mod. N. In this case we take 
any prime factor q of m (preferably the largest) and proceed just 
as before with m replaced by m/q. It can happen that « belongs 
to a small exponent with respect to NV, for example 2 belongs to 
exponent p, modulus 2?—1. In such a case we can only take a 
new value of x. We can of course, after proving that JN is prime, 
continue the process and find the exponent to which # belongs 
with respect to NV. 


* This can only happen rarely, for if N is prime the number of distinct values 
of « for which this happens is only 1/p of their number. 
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3. The method can be applied with exceptional ease to} 
Fermat’s numbers /=2”"+1, where m=2*. Here 2 is always! 
an unsuitable number. We may choose «=3. Then, if in the 
course of the work we find a remainder equal to unity, we know| 
that # must be composite, for 3 is a primitive root of F whenever | 
Fis prime. Also if the mth squaring does not give remainder | 
unity it is clear that Fis composite. If however the mth squaring | 
is the first that gives remainder unity, then F is prime. For) 
our work shows that the exponents to which 3 belongs with/ 
respect to the prime divisors of # all divide 2”, and that one} 
at least does not divide 2". Hence one exponent is 2” and j 
the corresponding prime is at least 2” +1 = F. | 

The method can also be applied very easily to Mersenne’s | 
numbers M=2?—1, where p is prime. Here also 2 is always / 
unsuitable. If Jf is prime we must have 


x 
gM) 2 = (a7) x mod. M, 


where \F 


2 — 1 (the primeness of which is in dispute), we shall have to | 
make 88 multiplications and about the same number of divisions, | 
the multipliers, multiplicands and the divisor having about 27 
digits, and if the number is prime we shall have to doa further | 
amount of work not easy to estimate but not likely to greatly | 
exceed that already done. 

4, This method has the disadvantage that we only (excepting — 
in rare cases) determine whether NV is prime or composite, and 
that we may require to factorize N—1 in part at least. The | 
» advantage lies in the fact that the labour increases approximately | 
as (log V)3, not as ./N, which makes it a much easier method | 
than that of the Idoneals if V is large. It is also well adapted for 
use with the arithmometer. Other methods of proving that a: 
number is prime only give negative evidence of the fact (absence | 
of any divisor or absence of a second representation in a quadratic | 
form), so that a single slip can cause a composite number to be | 
taken as prime. In the present method however it is hardly _ 
possible that we should find #7+=1 mod. NV by making a slip, | 
and the accuracy of such a result as 2-1)/p=% mod. N can be. 
checked by finding what wu? is congruent to. ; 


) is Jacobi’s symbol. We see e.g., that if we wish to test’ 
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Experiment on the harmonic motion of a rigid body*. By 
G. F. C. Searzez, Sc.D., F.RS., University Lecturer in Experi- 
mental Physics, Fellow of Peterhouse. 


[Read 24 November 1913.] 


1. Introduction. One of the problems which confront a 
‘demonstrator of experimental physics is to teach the principles 
‘of harmonic motion in such a way that they shall be absorbed by 
the students and shall be incorporated in their mental equipment. 
For some reason, not easy to understand, harmonic motion does 
present real difficulties to students, but every effort should be 
made to clear away these difficulties, since many important methods 
of determining physical quantities depend upon measurements 
‘made on bodies which vibrate harmonically. The experiment 
‘described below is designed to illustrate the principles of har- 
| monic motion in the case of a rigid body vibrating about a vertical 
laxis under the influence of the torsion of a wire. 

2. Theory of experiment. Let a rigid body be suspended 
| from a fixed support by a vertical torsion wire and let the moment 
jof inertia of the body about the axis of the wire be M gm. cm.’. 
‘Let the couple required to turn the rigid body through one radian 
jagainst the torsion of the wire be » dyne-centimetres. Then, 
‘when the angle is @ radians, the couple is w@ dyne-cm., and, when 
the body is free to move, the angular acceleration of the body 
* The description of this experiment has been reproduced in a small manual on 
| Experimental Harmonic Motion which is now (Nov. 2, 1914) in the press. The 


manual will be published by the Cambridge University Press and is similar in 
character to the author’s Experimental Elasticity. 
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is “6/K radians per sec. per sec. towards the equilibrium position 
The motion is therefore harmonic and the periodic time is given by 


[P= Dig a) . seconds |... 06 feces eee (1). 


In the experiment, K is found by weighing and measuring | 
the rigid body and yp is found from a series of measurements of | 
the angle through which the lower end of the wire is turned by) 
a series of couples applied statically. The periodic time is / 
calculated by (1) and this time is compared with that which is: 
observed when the body is allowed to vibrate. The agreement’ 
between the observed and the calculated values of the periodic} 
time forms an experimental test of the accuracy of the dynamical | 
principles employed in. the calculation. | 

3. The wbrating system. It is essential that the torsion wire’ 
should be properly secured (1) to the fixed support, and (2) to the: 
vibrating body. This result is best obtained by soldering each | 
end of the wire into a hole drilled along the axis of a cylindrical | 
rod a few centimetres in length and about 0°5 cm. in diameter, | 


} 


\ 


Fig. 1. 


One of these rods is secured by a set screw to the fixed support ' 
and the other is secured by a set screw in a hole drilled in any | 
body which is to be suspended by the wire. These rods are so | 
much stiffer than the torsion wire that small variations in the | 
positions of the points at which the set screws press upon — 
them make little difference in the couple required to turn the q 


2 Ste 


suspended body through one radian against the torsion of the: wires | 
Care should, however, be taken that the set screws, which, ix 
(1) the vibrating system and (2) the cylinder shown in Fig. 2, | 
make contact with the rod at nearly the same point. The torsion | 
wires used in the author’s practical class at the Cavendish / 
Laboratory are of steel and are about 32 cm. in length, and | 
0-175 cm. in diameter. | | 


A convenient rigid body is a rectangular bar (Fig. 1) of length: | 


i 
| 
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OL em., of width 2.4 cm., and of depth 2Bcm. A hole, into which 
the cylindrical rods attached to the torsion wire fit, is drilled through 
the bar at right angles to the plane of the edges 22, 2A, as in 
‘Rig. 1. The effective mass of the bar, JJ grammes, should: be 
marked upon the bar. This is the mass of the bar before the 
hole was drilled through it or the set screw was fitted to 1t*. 


_ The moment of inertia of the bar is calculated by the formula 
| [C= SIUC (TEP TS ae) (oar, C00 aaa papeeoae cocoon (2). 


‘The mass of the metal taken out of the hole and the mass of the 
set screw are appreciable in comparison with the mass of the bar 
itself, and hence, if the actual mass of the bar after it has been 
drilled and fitted with a set screw were used in formula (2) an 
appreciable error in K would result. But the hole and the set 
screw are so close to the axis of vibration that the moments of 
ie of the metal taken from the hole and of the set screw 
about the axis are quite inappreciable compared with that of the 
bar itself, and thus the moment of inertia of the bar as actually 
used does not differ appreciably from that given by (2), provided 


that by M is understood the mass of the bar. before the hole was 
drilled through it or the set screw was fitted to it. a) ous 
The moment of inertia of the .cylindrical rod soldered to the 
wire is quite negligible in comparison with that of the bar. 

One of the heavy compound laboratory stands supplied by. 
W. G. Pye and Co., of Cambridge, forms a convenient support for 
the upper end of the torsion wire. Whatever support is used 
should be rigid and free from shake. 

The periodic time of the inertia bar should be deduced from 
two or three observations of the time occupied by at least 100 
complete vibrations, and the time-piece should, if necessary, be 
compared with a reliable clock. 

— 4. Determination of the relation between couple and angle. 
In the determination of the couple required to twist the lower 
‘end of the wire through one radian, the inertia bar is removed 
from the torsion wire and a cylinder is substituted, as shown in 
Fig. 2. The couple is applied by means of a thread passing over 
two ball-bearing pulleys and supporting two small scale pans; 
it is convenient to adjust the mass of each pan to be 10 gm. 

A loop is made in the thread and this loop is passed over the set 
‘screw securing the cylinder to the rod at the end of the torsion 
wire. 

Care must be taken that the parts of the thread between the 
eylinder and the pulleys are parallel and horizontal so that, when 
the two loads are equal, the threads may exert a pure couple on 


* Searle, Experimental Elasticity, Note VIL, 
3—2 
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the cylinder. Special care must be taken to ensure that the 
threads are tangential to the cylinder. 

If the diameter of the cylinder be D cm. and that of the thread | 
be dem., the distance between the axes of the two threads is 


Fig. 2. 
D+dcm. and hence, when ine load on each thread is m gm, 


the couple is 
= mg(D+d)dyne-cm. ........ eee (3). 


The angle 0, ae which the couple G causes the cylinder ~ 
to revolve, is determined by aid of the simple goniometer shown in | 
Fig. 3. 

This instrument was designed in conjunction with W. G. Pye 
and Co. to provide a means of eas Urn, angles up to about 
4 radian (about 14°) with an accuracy of z)55 radian. 


Fig. 3. 


The base is formed of a strip of wood furnished at one end with 
a spherical pivot and at the other with a cross-bar carrying a scale. 
Angles are measured by means of a movable arm which turns at one 
end about the pivot, while the other end moves over the scale on 
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the cross-bar. The optical system consists of a lens fixed to the 
arm near the pivot and of a fine vertical wire attached to the 
other end of the arm and adjusted to be in the focal plane of 
' the lens, 
| The spherical pivot is a phosphor-bronze ball attached to the 
base by a fitting which allows the distance between the ball 
and the scale to be adjusted. The ball enters a conical hole turned 
out of a block of brass attached to the arm. ‘This arrangement 
destroys three out of the six degrees of freedom of the arm relative 
tothe base. The other end of the arm carries two brass feet which 
rest upon the cross-bar and thus destroy two degrees of freedom. 
The remaining degree of freedom allows the arm to turn about an 
_ axis through the centre of the ball and perpendicular to the plane 
of the surface of the cross-bar. This design has the advantage 
_ that it is impossible to strain the instrument by lifting it by the 
_movable arm, for the arm at once comes away from the base. 
The scale on the cross-bar is divided into millimetres, and the 
ball is adjusted so that its centre is 40 cm. from the edge of the 
scale. The readings are taken by means of a fine wire passing 
_ across an opening in the arm and stretched by a spring; the wire 
is easily replaced if broken. The scale is engine-divided on white 
metal and is provided with an anti-parallax mirror. For small 
angles, one centimetre along tine scale corresponds to #4) radian; 
b y the scale can be read to ;4, cm., the angle can be read to 
zoo Yadian, or to about -, degree. 
ime The lens attached to the movable arm is achromatic and has 
a focal length of 35 cm. The vertical wire is held in an adjust- 
able frame attached to the arm and is kept tight by a spring, and 
_ this frame is adjusted so that the wire is in the focal plane of the 
lens. The image of a distant point will then fall upon the wire, if 
the arm be properly directed. Ifa plane mirror be placed so that 
_ the lens lies between it and the wire, the image of the wire formed 
by two refractions through the lens and one reflection at the mirror 
may be made to coincide with the wire itself. 

When the goniometer is used in mechanical experiments to 
determine the angle turned through by a body about a vertical 
axis, a plane mirror is attached to the body and the image of the 
_ goniometer wire is made to coincide with the wire itself. If this 
coincidence is restored after the body has turned, the angle turned 
through by the body is equal to that turned through by the 

goniometer arm. To facilitate the adjustment, the short scale 
which is provided with the instrument is fitted into the frame 
holding the wire, the divided face of the scale being turned towards 
| the lens. On looking at the wire in the direction of the lens, 
| an inverted image of the scale (formed by the lens and the 
| plane mirror) will be seen crossing the wire. In this use of the 


| 
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instrument, all that is necessary is that the mirror should be nearly 
vertical and that the rays from the wire, after passing through the 
lens, should fall upon the mirror. No other adjustments are re- 
quired, and the centre of the spherical pivot need not lie on the 
vertical axis about which the body turns. . 

The goniometer is placed so that its lens is three or four centi- 
metres from the mirror carried by the suspended system. _ 

In the present experiment, a plane mirror is attached to the 
suspended system in the manner shown in Fig. 2, by means Of, 
soft wax, or, more conveniently, by means of the simple device: 
shown in Fig. 4, in which the mirror is attached to a horizontal) 


| 
| 


v 


Fig. 4. 


axis and is thus capable of easy adjustment. The mirror is 
adjusted so that it is possible to see the inverted image of the. 
small scale attached to the goniometer arm crossing the vertical. 
wire of the goniometer. The goniometer is securely fixed so as to. 
be free from shake and from liability to accidental displacement. | 
The base is adjusted so that when the arm is in its central position, 
the image of the wire coincides as nearly as possible with the wire 
itself. The arm is then adjusted so that the image of the wire © 
exactly coincides with the wire itself, and the reading of. the | 
indicating wire on the edge of the scale on the cross-bar of the | 
goniometer is taken. 
The thread is then attached to the cylinder and is passed over | 
the pulleys, carrying the pans alone. The goniometer arm is then — 
moved until the goniometer wire again coincides with its own — 
image, and the reading on the scale is taken. The load on each | 
end of the thread is then increased by steps of 10 gm. and the i 
observations are repeated for each load. 
It is easily seen that the goniometer arm turns through the | 
same angles as the cylinder, when it is properly adjusted at each | 
stage. 
If the reading on the scale of the goniometer for any position | 
of the arm differs from the reading when the arm is in the central | 
position by #cm., and if the distance from the centre of the 
spherical pivot to the edge of the scale be pcm., then the angular 
displacement of the arm is @ radians, where tan 0 = a/p. 
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: Hence 6 = tan a/p. 

When z/p is small, we have 

| yee 
Pury eee 


If w/p is less than 1/20, it will generally be sufficient to put 
0=a/p. 

When a/p is greater than 1/20 it will be best to calculate 
the value of tan 0 and from this to find @ in degrees. Bottomley’s 
tables may then be used to find the value of @ in radians. 

On dividing each value of @ by the corresponding value of m, 
the result will be very nearly constant, thus showing that the 
angle is proportional to the couple. The mean value of @/m is then 
found and is used in the calculation of w from the formula 


LG GDh) 


EO @lm 


Using this value of w and the value of K already found from the 
dimensions of the inertia bar, the time of vibration of the bar is 


calculated by the formula 
be 


' 
. 
| 5. Practical example. The observations may be entered as 
in the following record of an experiment by G. F. C. Searle, Oct. 
1906. 

| 


, Load | Reading. iP ‘anna 6 6 | 1000 0/m | 
| gm. cm. em. degrees radians radians/gm. 
: 0) 15:00 0) 0) 0) 0) 0 
10 14:43 0:57 0:0142 a 00142 | 1:420 
20 13°87 1:13 0:0282 * 00282 | 1410 
30 13°29 eg 0:0426 * 00426 | 1-420 
40 12°71 2-29 0:0571 * 00571 | 1°428 
50 12°12 2°88 0:0718 4° 6 0°0716 1-432 
60 11°55 3°45 0-0860 4° 55’ 0:0858 1430 | 
70 10°95 4:05 0:1010 5° 46’ 0:1007 1-439 | 
80 10°38 4-62 01152 | 6 34 071146 1-432 
90 9°81 519 0:1294 7° 22! 071286 1429 | 
100 9°20 5°80 071446 8° 14’ 0°1437 1-437 | 


: * @ put equal to tan @ here. 


Mass of inertia bar = /= 826 gm. 
Length of inertia bar=22=37'88 cm. 
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133-7, 133°7 seconds. The mean value 7'= 1-339 agrees very closely with that 
deduced from the statical experiments. 


In the instrument shown in Fig. 3, p is adjusted to be 40:00 cm. 
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Width of inertia bar=24d =1°60 cm. 

Moment of inertia of bar= K=}M (L? + A*)=9°894 x 10* gm. cm.?. 
Distance from scale to nearer side of pivot= 39-92 cm. 

Diameter of pivot =0°38 cm. 

Hence p=39:92+4 x 0°38=40'11 cm. t. 

Diameter of cylinder= D=3:15 cm. 

Diameter of thread =d=0:03 cm. 

Mean value of 6/m=1°428 x 10-3 radians per gm. 


D+d 981 x 3°18 ec 
Hence, p= 2 a ye as 10-3 = 2-185 x 10° dyne-cm. per radian. 


K oe x 10! 
Thus, by (1), T=270 Je = Ug 2-185 x 108 = 1°338 sec. 


Direct observations with a good stop-watch gave 100 vibrations in 1342, 


+ In the goniometer used in this experiment p was not capable of adjustment. 
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Some Insect Flagellates introduced into Vertebrates. By H. B. 


_ Fanruay, D.Sc., B.A., Christ’s College, Cambridge, and Liverpool 
School of Tropical Medicine, and ANNIE PorTER, D.Sc., Beit 
Memorial Research Fellow, Quick Laboratory, Cambridge. 


(Plate I.) 
[Received 2 November 1914. ead 23 November 1914.] 
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I. Introduction. 


For some years past, much attention has been devoted to the 
protozoal parasites that produce disease in vertebrates and to 
the means whereby the minute organisms reach their hosts. In 
the latter connection, the rédle of insects in the spread of disease 
has been investigated and much necessary work has been done in 
elucidating the life-histories, more particularly of the parasitic 
Flagellates peculiar to the insects alone, and having no connection 
with vertebrate maladies. It has been generally considered that 
such natural flagellates of insects are harmless to their host, and 
in several cases, notably in the case of Herpetomonas pediculr 
(Fantham), parasitic in the human louse, and Crithidia pulicis 


(Porter), occurring in the human flea, they have been shown to 


have no deleterious effect when introduced into the human system. 
However, all flagellates peculiar to insects are not innocuous, 


should they reach the vertebrate on which their host feeds. By 


a series of interesting experiments Laveran and Franchini have 
recently shown that an experimental leishmaniasis (herpeto- 
moniasis) can be induced in mice and rats by inoculating or feed- 
ing them with Herpetomonas patton: (Swingle), parasitic in the 
gut of rat-fleas, and in dogs by inoculating them with H. ctenocephali 
(Fantham), parasitic in dog-fleas, among others. The introduction 
of the flagellate into the vertebrate produced disease, and death 
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occurred in some cases. The experiments of these authors tend 
certainly to support the hypothesis that the flagellates parasitic in 


the blood of mammals originated in insect hosts, and also show | 


the possibility that other flagellates, equally ranked as harmless 
to the Metazoa, may acquire pathogenic properties when introduced 
into strange hosts. 


In order to test whether this were so, a series of experiments | 
was undertaken by us during the past year. While Laveran and | 
Franchini often used nearly associated insects and vertebrates, eg. 


rat-fleas and rat or mouse, dog-fleas and dog, we made a wide 
divergence, in order to ascertain whether an insect flagellate intro- 

duced into a quite unassociated vertebrate might become pathogenic. 

For this purpose, Herpetomonas jaculum (Léger), parasitic in. the 

“water scorpion,” Vepa cinerea, was chosen as the flagellate, while 

very young mice served as vertebrate hosts. We also succeeded 
in infecting a puppy by feeding it on parasitised dog-fleas. 


II. The Lofe-cycle of HERPETOMONAS JACULUM in 
NEPA CINEREA. 


Herpetomonas jaculum, parasitic in the alimentary tract of 
Nepa cinerea, is a flagellate possessing also a non-flagellate stage 
in its life-cycle. This non-flagellate form is an ovoid, Leishmania- 


es eee ete + eee 


like resistant body that is passed from the host with the faeces. © 


If the excrement so infected be ingested by another Nepa, these ~ 


resistant, oval, post-flagellate forms have their firm, varnish-like 
coat dissolved by the digestive juices of the host, and become 
capable of further development. Such forms are known as pre- 
flagellates. The pre-flagellates in the stomach of the Nepa 
gradually elongate. <A flagellum arises near the blepharoplast, 
reaches the surface of the body at the anterior end and projects as 
a free flagellum. 

By elongation of the posterior end of the body, the full, typical 
flagellate form is produced. Multiplication of the parasite occurs 
by longitudinal binary fission in both the pre-flagellate and 
flagellate stages. As the organisms pass onwards into the intes- 
tine, the environment is less favourable and they react accordingly. 
The body cytoplasm becomes concentrated, the flagellum is with- 
drawn and largely dissolved, and the now compact, more or less 
oval parasite secretes a varnish-like coat for itself, becoming thus 
-the post-flagellate form again; in which condition it passes from 
the host. The life-history of H. jaculuwm in its insect host was 
fully described and illustrated by one of us in 1909. . 

While the anterior part of the gut of the Nepa, consisting of 
oesophagus and stomach, contains mostly pre-flagellate and young 
flagellate forms, the posterior gut consisting of the intestine 
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contains flagellates in various stages of division and the resistant, 
post-flagellate forms—a fact not without significance in our 
|experiments. 


III. Laxperimental work. 


By a series of experiments we have established that Herpeto- 
-monas jaculum, normally parasitic in the Hemipteran, Nepa 
“cinerea, can become pathogenic to mice when fed to them or when 
they are inoculated with it. We have also determined the form of 
the flagellate mostly responsible for the production of the disease 
| and most capable of development within the body of the vertebrate. 

The blood of the experimental mice and of the control mice 
“was very carefully examined before they were used and no protozoa 
were found therein. Examination of the rodents’ faeces, both 
before and during the progress of the experiments, was entirely 
negative. Some experiments were performed in Liverpool with 
mice and Nepa obtained locally, and others were carried out in 
-Cambridge, the Nepa being collected from small ponds on Coe 
Fen. As the results obtained in each place were identical, the 
influence of climatic conditions and of possible variations in the 
strain of H. jaculwm used were eliminated. As the mice used 
were mostly young, they and their controls were kept at or near body 
temperature. 
| In most cases an interval of a few hours was sufficient to allow 
of the appearance of rounded, non-flagellate forms of H. jaculum 
_in the peripheral blood. The mice became weaker and either died 
or were killed in extremis. Examination of their organs showed 
the presence of non-flagellate (leishmaniform) and of flagellate 
forms in the liver, spleen, bone-marrow and blood, occasionally in 
other organs. ‘The liver was always the seat of heaviest infection. 
The parasites kept the facies of H. jaculwm and were pathogenic 
to the mice. The number of flagellate forms present and their 
fine development (see Pl. 1) was noteworthy, and is unlike what 
has been obtained before in the experiments by Laveran and 
_ Franchini with other insect flagellates in mice. 

Much time was devoted to the examination of the parasites in 
freshly drawn blood and in emulsions of organs taken at death. 
Smears of the organs were also fixed wet with Bouin’s fluid or 
with osmic vapour followed by absolute alcohol. For staining, 
_ Giemsa’s solution, haematoxylin and iron-haematoxylin, with or 
without eosin, were employed. 
| Experiment 1 (A.P.). Young, wild mouse, ? , weight 3°3 grams, 
was fed once on teased anterior portions (oesophagus and stomach) 
of the alimentary tract of Nepa cinerea, infected with Herpeto- 
 monas jaculum, and was afterwards fed only on milk. The infected 


— 42 Drs Fantham and Porter, Some Insect Flagellates 


feeding material contained pre-flagellate and a number of flagellate 
herpetomonads. Twelve hours after the infective feed, the mouse 
seemed ill, shivering, its coat staring, showing some difficulty in 
swallowing and passing much urine. It grew weaker, and died 
50 hours after the first and only infective feed. Examination of 
the blood 12 hours after infective feed, negative ; at 24 hours, free, 
rounded, non-flagellate (leishmaniform) elements seen; at 30 hours, 
a parasite within a leucocyte and a single flagellate were present’ 
in caudal blood. At autopsy the liver and spleen were hyper-' 
trophied, and kidneys, spleen and liver all very friable. Non- 
flagellate, leishmaniform bodies were found in the liver, spleen, | 
- kidney and lung smears, They were not numerous. A few) 
flagellates were found in liver smears, and in still fewer numbers 
in those of the spleen. The control mouse, fed on milk only, died | 
four days later. Its organs yielded no parasites on examination. 
Experiment 2 (A.P.). Young, wild mouse, J", weight 3°2 grams, 
was fed once with the teased intestines of three Nepa cinerea | 
infected with H. jaculum, and was afterwards fed on milk. The 
intestinal material contained mostly post-flagellate forms of H. | 
jaculum, together with some flagellates, among which dividing | 
forms occurred. Four hours after feeding, the blood contained 
a very few rounded, leishmaniform elements, while a flagellate was | 
found in the blood 24 hours after the infecting feed. At 30 hours - 
and 40 hours the same condition was found. At 40 hours the 
mouse became very weak, coat staring, eyes very dull. Some | 
shivering occurred. It died 70 hours after the infective feed. 
The body showed some emaciation. The liver was slightly | 
enlarged and contained a number of flagellates and a few non- — 
flagellate forms. Some dividing flagellates also occurred. Both | 
flagellates and non-flagellate forms were present in the spleen, — 
which weighed ‘03 gram and was friable, and also in the bone- ~ 
‘marrow, though in smaller numbers than in the liver. A very few 
parasites occurred in the lungs and heart blood. The other organs _ 
were negative. The control mouse was killed five days later, and 
examination of smears of its organs was entirely negative. 
Experiment 3 (A.P.). A young, wild mouse, $, weight 34 — 
grams, was inoculated intraperitoneally with material provided by — 
very finely teasing up the entire alimentary tracts of three Nepa 
cinerea, infected with Herpetomonas jaculum. ‘The mouse was 
afterwards fed on milk only. Three hours after moculation, one 
flagellate in metamorphosis to the oval, post-flagellate stage was 
found in the blood. At 12, 24 and 40 hours, a few leishmaniform 
parasites occurred in the blood. Fifty hours after inoculation the 
mouse seemed ill and died at 60 hours, The body was somewhat 
emaciated, the spleen and liver enlarged. Weight of spleen was 
‘04 gram. <A very slight peritoneal exudate was present. Both 
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liver and spleen contained a few flagellate and non-flagellate forms. 
‘They were also present, though very rare, in the bone-marrow. 
No parasites were found in smears of other organs or in the 
peritoneal exudate. The control mouse, inoculated intraperi- 


toneally with an equal quantity of normal salt solution, showed 
| 
i 


no parasites at all when killed. 
Experiment 4 (H.B.F.). Young, wild mouse, "7, weight 5 
grams, was fed once with teased oesophagi and stomachs of three 
heavily infected Nepa cinerea. The feeding material contained 
pre-flagellate and young flagellate forms of H. jaculum. Ten 
hours after feeding, a very few non-flagellate forms were found in 
the blood. At 24 hours, they were still very few and the mouse 
was less active. Thirty-six hours after feeding, a rounded, leish- 
maniform non-flagellate was seen in a leucocyte. After this the 
mouse became steadily weaker and it was killed 60 hours after the 
infective feed. The liver was enlarged and also the spleen. The 
latter weighed 05 gram. A few rounded, non-flagellate and 
flagellate forms occurred in the liver and spleen, they were very 
are in the bone-marrow. No other organs were found to be 
infected. The control mouse, fed on milk exclusively, seemed 
quite healthy when it was killed 24 hours after the death of the 
experimental animal, and no herpetomonads in any stage have 
been found in its organs. 
 Laperiment 5 (H.B.F.). A young, wild mouse, ?, weight 6°5 
grams, was fed once with the teased intestines of three Nepa 
cinerea, heavily infected with H. jaculum. In this case post- 
flagellate forms predominated, and many of the flagellates present 
were dividing. Six hours after the feed, a single, free, leishmani- 
form element was found in the blood; at 24 hours a few similar 
forms were found, and the same condition prevailed at 48 hours. 
At 60 hours a flagellate form was seen in the blood. The mouse 
also appeared to be ill, its coat staring and little food being taken. 
It was killed 84 hours after the infective feed, when it weighed 
6 grams. The liver and spleen were enlarged, the latter weighing 
07 gram. The kidneys were more friable than usual. Flagel- 
lates were relatively numerous in the liver, somewhat fewer in the 
bone-marrow and spleen. A few dividing forms occurred. The 
leishmaniform stages were less common on the whole than the 
flagellate forms. The control mouse, fed on milk only, was killed 
by accident the day after the death of the experimental animal. 
Its organs contained no trace of herpetomonads or other parasites. 
) Experiment 6 (H.B.F.). A young, wild mouse, g/, weight 
85 grams, was inoculated intraperitoneally with the guts of two 
infected Nepa teased in normal saline, a control mouse being 
“inoculated with a similar quantity of normal saline alone. Hxami- 
nation of the blood six hours after inoculation showed one 
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leishmaniform body. At 24 and 30 hours a similar condition 
prevailed. At 48 hours more leishmaniform bodies were seen, but 
the number always was very small. Seventy-two hours after 
inoculation, the mouse was very ill, so was killed. It weighed 
75 grams. The spleen weighed ‘08 gram, and like the liver, was 
enlarged and friable. The liver contained flagellate and post 
flagellate he ace which were present, but in fewer num- 
bers, in the spleen and bone-marrow. One flagellate only was: 
seen in a preparation of the kidneys. The control mouse was. 
killed on the day of the death of the experimental animal, - | 
showed no parasites of any kind. 

Eapervment 7 (A. P.). An adult mouse, ¥*, weight 17 grams, ; 
was inoculated intraperitoneally with the gut contents of three: 
infected Nepa cinerea. Examination of its tail and ear blood 
showed a few leishmaniform parasites on the fourth day after 
inoculation, but no form of the Herpetomonas has been seen since. | 
The mouse, after two months, is apparently well in health and has | 
gained in weight, 

Experiment 8 (H. B.F.). During a period of 36 days, a young I 
puppy was fed with a total of 190 dog-fleas, Ctenocephalus cams, 
at nine feedings. The insects used were freshly drowned. Some 
of the fleas were infected with Herpetomonas ctenocephali (Fan- 
tham). At the first feed, the puppy weighed 1 lb. 40z., and at the 
last 3lb. 80z. Ten days after the last feed, the puppy was feverish — 
and ill, with a rectal temperature of 40° C., but rapidly recovered — 
and is now normal. It has not increased so much in weight since 
the illness as the control puppy belonging to the same litter, 
e.g. when the control puppy weighed 10 lb., the subject of the 
experiment weighed 7 lb. 9 oz. Examinations of the blood made 
21 days after the first and 12 hours after the sixth feed of fleas \ 
showed a very few leishmaniform elements both free in the blood | 
stream ; and, in one case, within a mononuclear cell. No flagel- » 
lates have been seen. The puppy is still under observation, but | 
at the present time (about four months after the beginning of the 
experiment) seems perfectly healthy and shows no parasites. 

Herpetomonas ctenocephali then, like H. jaculum, is capable of - 
living in vertebrate blood, e.g. in a dog, and of producing some ~ 
organic disturbance. | 

We should not be surprised to learn later, that the so-called 
canine Kala-azar, occurring naturally in dogs in the Mediterranean 
region and stated to be spread by dog-fleas, is really a canine 
herpetomoniasis due to H. ctenocephali in dogs. 

In connection with the practical import and significance of 
these experiments, it must be remembered that ” Leishmania 
develops into a flagellate, herpetomonad stage in the culture tube 
and in the gut of certain insects. Also, Franchini (1913) found a. 


! 


| 
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herpetomonad, Haemocystozodn brasiliense, in a human subject 
and his findings have been accepted by Laveran. 
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IV. The. Morphology of H&RPETOMONAS JACULUM 
| in the Mouse. 


__ A careful study of both fresh preparations and stained smears of 
the organs of the experimental mice has enabled us to trace the 
evolution of the parasite within the vertebrate. Very soon after 
the parasites have been introduced into the mice, the flagellate 
forms become rounded, their flagella disappear and they are found 
in the blood usually as free, leishmaniform bodies (PI. I, Figs. 
1,2). Similar forms (Figs. 3, 4) occur in the organs of the mice, 
‘more particularly in the liver (Fig. 4) and spleen (Fig. 3). These 
forms generally show a distinct nucleus and blepharoplast (Figs. 1, 
8, 4), while sometimes the blepharoplast is in contact with the 
nucleus (Fig. 2). Within the internal organs, after a period of 
rest, elongation may occur (Figs. 5, 6), some of the forms being 
stout (Fig. 5), others slender (Fig. 6). Hach gradually elongates 
and produces a flagellum (Figs. 9—18), thus becoming typical 
herpetomonads. A short, deeper staining portion is first seen 
‘near the surface (Fig. 6), which reaches the exterior of the body, 
sometimes at right angles to the anterior end of the body (Figs. 9, 
11, 12), sometimes obliquely (Figs. 10, 13). The nucleus may be 
_karyosomatic (Figs. 11, 12), or the chromatin may be granular 
and more or less evenly distributed (Figs. 14, 16). The blepharo- 
plast is usually bar-like (Figs. 12, 13), but is occasionally: rounded 
(Fig. 9) or oval (Fig. 11). A basal granule may be present near 
the origin of the flagellum (Figs. 12, 16). Chromatoid granules 
are frequently present in the cytoplasm (Figs. 10—12, 14, 17). 
The posterior end of the body may be somewhat blunt (Fig. 12), 
or more or less tapering (Figs. 13, 15, 16, 18). The appearance 
of the flagellate forms lying between the cells of the liver (Fig. 15) 
resembles that of forms more or less separated from the cells, or 
present in the blood stream. 

Multiplication of the parasite occurs in the mouse much as it 
does in the Nepa. Division occurs in non-flagellate forms (Figs. 
7, 8), the division commencing with that of the blepharoplasts. 

Division of the flagellates has been seen in fresh preparations, and 
the various stages traced in stained smears. Fig. 19 shows one 
such stage. suid th 
It seems probable that within the mouse, some of the flagel- 
lates become oval, non-flagellate forms similar to those shown in 
Figs. 1—4. Such forms have been found in the liver, spleen, 
bone-marrow, heart, and, in one case, in the lungs of the mouse. 
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Some rounded, leishmaniform parasites have also been foun 
within leucocytes (Fig. 20), though these were never numerous, 
The non-flagellate forms measure 4 to 6m by 2p to 3p. 
The body of the mature flagellate varies from 3p to 32 p, its 
breadth being 1°6 w to 2°5 u, while the free flagellum may reach 
35 4 in length. The dimensions thus agree with those of H. 
jaculum in the insect. 
We did not observe many small rounded elements, often uni- 
nucleate, and about 1 to 2 in diameter, occurring in red blood 
corpuscles of infected vertebrates, as described by Laveran and | 
Franchini. Before discussing such endoglobular elements further i 
we wish to conduct more experiments. Such elements do not | 
occur in natural leishmaniases. 


| 
V. The forms of HERPETOMONAS JACULUM most | 
infective to Mice. | 
When the parasites are first seen in the circulating blood, they | 
are usually in the form of small, leishmaniform bodies, and are | 
usually free in the blood plasma. It seems very probable that 
the flagellate forms introduced into the mice gradually absorb _ 
their flagella and thus become non-flagellate forms which appear 
in the blood in exactly the same way as Fantham (1911) described | 
for Trypanosoma gambiense and T. rhodesiense when inoculated | 
into new hosts. When such rounded forms reached the internal 
organs, they appeared to undergo further development, and the 
parasites were always more numerous in the internal organs than 
in the circulating peripheral blood. In connection with the 
number of herpetomonads present in the hosts and the degree of | 
illness produced in them, several features of interest have come to- 
light as a result of our experiments. 

The appearance of the parasites in the peripheral blood was — 
almost as early in the case of mice fed with the intestines of | 
Nepa cinerea infected with Herpetomonas jaculum, as in the case 
of those inoculated intraperitoneally. (See Expts. 2 and 3.) 

The largest number of non-flagellate, rounded forms of H.— 
jaculum occurred in the mice fed with the intestines of Nepa 
cinerea. . 

The largest number of flagellate H. jaculwm also was present 
in the mice fed on the intestines of Nepa cinerea. 

Very few flagellate and but few non-flagellate forms of H. 
jaculum occurred in the case of the mice fed on the fore-guts 
of the infected Nepa, while mice inoculated intraperitoneally 
showed an infection of flagellates considerably smaller than im 
the case of the mice fed on intestine, though slightly greater than 


those fed on the fore-guts of Nepa. 
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_ It must be remembered that the stages in the life-history of 
A. jaculum, as with other insect flagellates, vary in different parts 
‘of the insect host. While the fore-gut of the Nepa used con- 
tained non-flagellates (pre-flagellates) in a condition suitable for 
growth in the Nepa in which they were found, they were rela- 
‘tively non-resistant, and the flagellates present were not mature. 
On the other hand, the intestine of the Vepa contained flagellates, 
all of which were mature and some of which were dividing, and, in 
jaddition, the highly resistant post-flagellate forms, which are well 
‘adapted both for resisting unfavourable conditions and for adapting 
themselves to new environmental differences. 

_ Thus we conclude that the post-flagellate stages of H. jaculum 
have greater powers of growing and multiplying successfully in 
‘the vertebrate host to which they were introduced. Also, 
‘these post-flagellate forms, together with the multiplying flagel- 
lates, were responsible for the greater number of flagellates found 
‘in their hosts, compared with those found in mice fed on the fore- 
guts of the Nepa. Consequently there seems evidence to show 
‘that the form of insect flagellate best adapted for transference 
from insect to insect, is also the form most effective in producing 
disease when introduced by way of food or intraperitoneally into 
the vertebrate, in the case of H. jaculum in mice. Probably the 
‘same will be found to be true in herpetomoniasis of the dog 
produced by swallowing dog-fleas infected with Herpetomonas 
ctenocephalr. 


VI. Comparison of the forms of H. sAcuLum found 1m the 
| Vertebrate with those present in the natural Insect Host. 


| 


There are striking resemblances between the forms of H. 
jaculum in the mouse and in Nepa cinerea. The non-flagellates 
present the same morphology in each case. The flagellates show 
practically the same structure. The main differences appear to be 
‘in details. Some of the very long forms of H. jaculum have not 
yet been found in mice, but they might be found were more 

experiments undertaken. The average size of H. jaculum flagel- 

lates in the mice and in the Nepa is the same. The herpetomonads 
‘in mice also appear to have somewhat more granular cytoplasm 
containing a rather larger number of chromatoid granules than do 
‘the corresponding forms in the insect host. In all other respects, 
the parasites keep the facies of H. jaculum as it occurs naturally 
in Nepa cinerea. 
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VII. Comparison of the Induced Herpetomomasis of 
the Mouse with Leishmaniasis. 


_ Some years ago, Patton described the formation of the flagel- | 
late form of Leishmania (Herpetomonas) donovani in the bed bug. | 
While a flagellate stage of the Kala-azar parasite can develop in: 
the bed bug, the non-flagellate stage appears to be the only one: 
found in the vertebrate (human) host. In the induced herpeto- | 
moniasis of mice due to H. jaculum, the outstanding feature is | 
the presence, in addition to rounded stages, of active, well formed 
flagellates in the liver and in less numbers in the spleen and | 
bone-marrow of the host. | 

Non-flagellate elements, frequently termed leishmaniform, also | 
occur in the vertebrate infected artificially with herpetomoniasis | 
through H. jaculwm or H. ctenocephah. These non-flagellate forms | 


y 


differ from the Leishman-Donovan bodies of Kala-azar in several | 
respects: There is less uniformity of appearance, some of the non- 
flagellate H. jaculum or H. ctenocephali being much more elongate 
than is seen in the Leishman-Donovan bodies, while, what is 
more obvious, the position of the blepharoplast is different. 

Typically, the nucleus of the Leishman-Donovan body is some- 
what to one side, the deeply staining blepharoplast is immediately 
opposite to it, also to one side and lying transversely along the 
narrow diameter of the organism. The latter position is char- 
acteristic. The non-flagellate forms of H. jaculum in mice have 
their blepharoplasts in almost any position other than that 
characteristic of the Leishman-Donovan body. The position varies — 
in parasites on the same smear from vertical to horizontal posi- 
tions in any situation in the oval body. Again, free parasites 
seem less common in Kala-azar than they are in artificial 
herpetomoniasis. 

That the two diseases are allied is undoubted. Both present 
the same features—the insidious onset, the subsequent relatively 
rapid illness, the splenic and often hepatic enlargement, feverish 
attacks and emaciation are common to both maladies, while in 
both diseases similar parasites are found. 


; 
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VIII. General Conclusions. 


From the results of our researches we conclude that: 


1. Insect flagellates, e.g. Herpetomonas jaculum (Léger) from 
Nepa cinerea, and Herpetomonas ctenocephals (Fantham), parasitic 
in the dog-flea, Ctenocephalus canis, can live inside certain verte- 
brates (e.g. mouse and dog respectively) and can multiply therein, 
This we have shown experimentally. 
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2. If such flagellates be inoculated intraperitoneally or are 
fed by the mouth in food, the flagellates can find their way into 
the blood stream and internal organs (e.g. liver, spleen, bone- 
marrow) of the vertebrate host. 

_ 3. The insect flagellates are pathogenic to the vertebrates 
experimented upon, producing symptoms like those of leishmaniasis 
(Kala-azar). 

4, The oval post-flagellate forms appear to be more capable 
‘of developing in vertebrate hosts than are other stages of the 
herpetomonad parasite of the insect. 

| 5. . It may be expected that the various leishmaniases, occur- 
ring in different parts of the world, will prove to be insect-borne 
herpetomoniases. 
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EXPLANATION OF PLATE J. 


All figures were outlined with an Abbé-Zeiss camera lucida, using | 


a 2mm. apochromatic (Zeiss) objective and compensating ocular 8, 
The magnification is, in all cases, approximately 1300 diameters. 


Fig. 1. Oval, non-flagellate form of Herpetomonas Jaculea From | 


blood on mouse. 


Fig. 2. Oval form of H. jaculum, nucleus and plepharonie in 


contact. From bone-marrow of mouse. 
Fig. 3. Rounded form with karyosomatic nucleus. From spleen. 
Fig. 4. Typical, oval, leishmaniform element. From liver. 
Fig. 5. Stout, elongating form. From bone-marrow. 
Fig. 6 


bone-marrow preparations respectively. 
Fig. 9. Young flagellate with round blepharoplast. From lung. 
Fig. 10. Flagellate with flagellum leaving the body obliquely. 
From bone-marrow. 


Fig. 11. Herpetomonas with karyosomatic nucleus, and a number 


of chromatoid granules present. From bone-marrow. 


Fig. 12. Larger flagellate with bar-like blepharoplast and basal — 


granule present. From spleen. 


Fig. 13. Similar flagellate with flagellum leaving the body very — 


obliquely. From liver. 
Fig. 14. Herpetomonad with Eom at granules. From spleen. 


Fig. 15. A group of three liver cells of mouse with one Herpeto- — 


monas jaculum lying between them. 


Fig. 16. Somewhat pointed flagellate, with evenly distributed j 
nWelene chromatin. Small basal granule at base of flagellum. From | 


the liver. 

Fig. 17. Stout form with chromatoid granules. From liver. 

Fig. 18. Slender, elongate flagellate. iron liver. 

Fig. 19. Early stage in division. The blepharoplast has divided 
into two, and splitting of the flagellum has commenced. From bone- 
marrow. 

Fig. 20. Non-flagellate form in a leucocyte. Note the position of 
its blepharoplast. From circulating blood. 


Slender, elongating form, root of flagellum seen. From lung. 
Figs. 7, 8. Dividing, non-flagellate forms. From blood and from | 
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The Cuticula of Insects as a means of defence against 
Parasites. By Wituiam R. THompson. (Communicated by 
Mr F. A. Ports.) 


[Read 23 November 1914.] 


A number of years ago, in his “ Lessons on the Theory of 
Inflammation,” Metchnikotff expressed his belief that the phago- 
eytic reaction to parasitic organisms in Arthropods is in general 
rather feeble; and he suggested that this condition is correlated 
with the development of a chitinous cuticula which covers the 
entire body and lines a great part of the alimentary canal. Since 
this cuticular armour prevents the entrance of parasites, the 
stimulus for the development of the phagocytic function is 
absent. A little later, Cuénot, in his paper on the physiology 
of the Orthoptera, objected to this view, on the ground that the 
cuirass of the Arthropods, in spite of its thickness and its resist- 
ance, has never prevented the penetration of parasites; but that, 
on the contrary, it is just the animals of that group which are 
most heavily infested by internal parasites. The fact that normal 
parasites are not ordinarily molested by the phagocytes—which 
Cuénot had himself observed—he explained not on the basis of a 
feeble phagocytic power in the Arthropoda, but as the result of 
a progressive adaptation of the parasitic organisms which enables 
them to resist or repel the phagocytes by which they would other- 
wise be destroyed. 

The question of the relation between the phagocytes and the 
parasites of the Arthropods is difficult and complex. Such data 
as I have been able to gather up to the present time seem to me 
to support the contention of Metchnikoff. At all events, toward 
the great majority of the internal metazoan parasites of Arthro- 
pods there is no visible direct phagocytic reaction. Without 
treating this matter in detail, I wish now only to consider the 
subsidiary question of the actual value to one group of the 
Arthropoda—the Insects—of the cuticula and its appendages 
as a means of defence against parasitic enemies. 

In this connection the Dipterous and Hymenopterous parasites 
are especially interesting, for they ordinarily gain entrance to the 
body of their hosts through the integument. Those parasites 
which make their way into the haemocoele by the mid-intestine 
are naturally little affected by cuticular developments or func- 
tions. 

The thickness and resistance of the cuticula in the larvae of 
Lepidoptera sometimes effectively prevents the entrance of the 
larvae of Dipterous parasites. I have frequently noticed hatched 
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eggs of Tachinid flies upon the bodies of insects which proved on 

dissection to be quite free from parasites. In the woods about | 
Boston, Massachusetts, one often finds caterpillars of the Gipsy | 
Moth (Porthetria dispar L.) bearing considerable numbers of the | 
eggs of a native Tachinid parasite (possibly Tachina mella W.). | 
Of a large number of such caterpillars which I once reared, | 
less than one-half per cent. produced parasite larvae. In some © 
cases I have observed—as C. H. T. Townsend has described— | 
the young larvae of these Tachinids, just hatched, struggling | 
vigorously to bore into the body of the Gipsy larva, but | 
apparently quite unable to cut through the thick and heavily | 
ehitinized cuticula. . | 

When the ovoviviparous Tachinid Carcelia cheloniae Rond | 
attempts to oviposit upon the skin of its host, the caterpillar of | 
the Brown-tail Moth (Huproctis chrysorrhoea L.), the thin-shelled | 
eggs are rather often pierced by the fine bristles with which the | 
nettling hairs of the host are beset, while the larvae which emerge | 
from the uninjured eggs are sometimes impaled upon the barbs | 
of the hairs while they are attempting to descend to the skin. 
Though these observations were made in the laboratory, I do | 
not doubt that the same fate often overtakes the parasites in 
natural surroundings. 

Upon several occasions I have collected Datanid caterpillars — 
of which the head capsule and the dorsal shield of the last seg- — 
ment were almost covered by a mass of the large white eggs of 
some Tachinid parasite which I do not think I have ever reared. 
It is evident that larvae hatching from eggs in these positions 
very rarely succeed in penetrating into the body of the host. 
The explanation of this curious fact is very simple. Whenever 
the Datanid caterpillars are disturbed, they elevate the anterior 
and posterior segments so that the body is curved in a semi-circle, 
and in this position they remain for some time rigid and 
motionless. The result of this movement is the presentation 
of the anterior surface of the head and the supra-anal shield to — 
any Tachinid which happens to be hovering above, and the para- 
site is thus misled into depositing its eggs upon the most resistant — 
and impenetrable parts of the caterpillar’s anatomy. | 

It is well known that by the process of moulting, which is in | 
the most strict relation with the development of a chitinous 
cuticula, the larvae and nymphs of. insects often succeed in 
liberating themselves from the unhatched eggs of Dipterous 
parasites. 

Even when the parasite larvae have made an entrance into its 
body they may still be affected by the casting of their host's 
cuticula. In this way the caterpillars of the Brown-tail Moth 
sometimes rid themselves of the larvae of Carcelia chelonae. 
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This parasite penetrates into the body of Huproctis chrysorrhoea 
through an opening which it makes in the skin of the caterpillar. 
Like many common Tachinid parasites it does not withdraw 
completely into the body cavity of the host, but comes to rest 
with its caudal extremity, bearing the respiratory stigmata, in the 
opening through which it has entered. The hypodermal cells in 
this region proliferate, at the same time actively secreting a 
considerable quantity of chitinous material; and there is formed 
a funnel-shaped “integumental sheath” surrounding the body of 
the parasite and opening at its ectal extremity to the exterior. 
I have several times observed that when the ecdysis of the host 
occurs a short time after the penetration of the parasite, the little 
larvae may be withdrawn from the body of the caterpillar in their 
integumental sheaths and cast off with the cuticle to which they 
are attached. Pantel has also found that at a more advanced 
stage, when the parasite larva is much too large to be “moulted 
out” by the host, the integumental sheath may break off at the 
point where it joins the integument, and slip down with the 
parasite which it surrounds into the general body cavity, where 
the Tachinid soon perishes from want of free oxygen. 

As for the Hymenopterous parasites, they possess a well- 
developed apparatus—the ovipositor—by means of which in many 
cases they introduce their eggs directly into the body cavity of 
the host; and their larvae, more perfectly adapted to a parasitic 
existence than the majority of the Dipterous parasites, usually lie 
free in the haemocoele of the host, where they are not affected by 
the process of moulting. However, it is very likely that even 
against these parasites the cuticula is really a very important 
means of defence. 

That the Arthropods support a vast number of internal para- 
sites is undeniable. It may even be true, as Cuénot contended, 
that they suffer more severely in this way than any other group 
of the animal kingdom. In any case, however, it is not therefore 
safe to conclude that this heavy parasitism results from the in- 
adequacy of the cuticula as a means of defence. The efficacy of a 
defensive structure can be determined only in relation to the vigour 
and extent of the attacks which it has to support. It appears 
to me that the question gains in interest if we turn it about and 
ask ourselves whether there is not something specially efficient 
about the parasites of the Arthropoda or some peculiarity of 
structure in the Arthropods themselves which makes them un- 
usually susceptible to parasitic invasion. 

One striking peculiarity of the Arthropods is that the para- 
sitic forms in many cases prey upon other members of their own 
group. To a limited extent, it is true, the same thing can be said 
of other groups of animals. Some of the suctorial infusoria are 
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parasitic in Ciliates: the larvae of several of the Narcomedusae 


(Cunina proboscidea, for example) infest adult Trachymedusae. 
Cooke mentions three or four species of Mollusca said to be para- 
sitic in other Molluscs, while the Hag-fishes and a few Teleosts 


are parasites on fishes. No doubt cases of this sort could be cited | 
in several other phyla, but the fact remains that the vast majority | 
of parasitic animals belonging to groups other than the Arthro-- 
poda—the parasitic Protozoa, Trematodes, Cestodes, Orthonectids, | 
Dicyemids, parasitic Rotifers, Nematodes and Molluses—practi- | 


cally all infest animals of other groups. 
On the other hand, there are among the Crustacea, Arachnida 


and Insects, parasitic groups the members of which do not attack | 
Arthropods—the parasitic Copepods, the Sarcoptids and the - 
Oestrids may be cited. However, among the Crustacea, and | 


especially among the Insects, an equal or much larger number 
of parasites invariably attack more or less closely related species. 
It will suffice in this connection to mention the Rhizocephala, the 
great group of the Epicarid Isopods, the Tachinids, Ichneumonids, 
Braconids and Chalcids. 

Of the manner in which the parasitic habit arose among the 
Arthropods we know nothing. The fact that so many of them prey 
upon one another and that among the Insects true secondary and 


SO Le 


even true tertiary parasitism exists, seems to be one expression of - 


the intense competition among the members of this truly dominant 
group. In any event it seems reasonable to suppose that forms 
which have taken to parasitizing their near relatives have many 
things in their favour. The life cycle of many parasites in other 
groups—such as the Trematodes for example—involves a passage 
from one environment to another, and sometimes includes two or 
more very different hosts. This is at best an uncertain business, 
and even a high rate of reproduction cannot altogether offset the 
chances of misfortune. With but few exceptions, adult Arthropod 
parasites inhabit the same environment as the Arthropod host, 
and comport themselves in it in a somewhat similar manner. No 
Arthrepod parasite passes through more than a single host during 
the course of its life cycle. All of these features contribute to 
make these forms formidable enemies of the other Articulates 
upon which they prey. 

It is also possible that the Arthropods in many cases are 
particularly well adapted to the needs of parasites. For example, 
Wheeler has suggested that the possession by the insects of great 
quantities of reserve material, utilized by the organism during the 
metamorphoses and in the development of the genital organs, and 
the exhaustion of which has but little effect upon the general 
vitality, renders these animals particularly fitted to. support 
parasitic invasions. 


~ 
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I may also point out that the body cavity in Arthropods is of a 
rather special nature, especially in such forms as the larvae of the 
Insects, for it extends uninterruptedly from one end of the body to 
the other, and the organs can be subjected to considerable displace- 
‘ment in it without injury. Certain parasites are thus able to 
develop until they have attained a size almost equal to that of 
their host. Finally, as Mr F. A. Potts has suggested to me, the 
fact that the body cavity is a haemocoele is important, for parasites 
which develop in a haemocoele enjoy considerable advantages from 
the point of view of respiration and nutrition. 
I therefore conclude that the very considerable parasitism to 
which Arthropods in general and Insects in particular are subject 
is not necessarily a proof of the inefficiency of the cuticula as a 
defensive structure. It appears to me more likely that this high 
rate of parasitism is due in part to the fact that a great many of 
the parasites are themselves Arthropods, in part to the Arthropod 
structure and life history which renders the members of this group 
especially able to support parasitic invasions. It seems highly 
probable that the cuticular armour, and the function of ecdysis 
correlated with it, in reality arrests a very considerable part of 
the violent attack which many members of the Arthropoda are 
obliged to sustain. 
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Lhe Shortest Line Dividing an Area in a Given Ratio. By 
NorBerr Wiener, Ph.D.* (Communicated by Mr G. H. Harpy,) }, 


[Received 27 October 1914. Read 23 November 1914.] 


The question we set out to answer in this paper is: given a} 
simply connected area on a plane, what can we say, apart from any | 
particular information we may have concerning the area, about 
the shape of the shortest segment of a curve, lying entirely in it, 
and dividing it in a given ratio, provided such a curve exists? ) 
To put the problem more concretely, let us suppose a farmer wants | 
to divide an irregular field of his evenly between his two sons, and 
suppose he wants to use as short a hedge as possible. How. 
shall he shape his fence? The conditions of the problem demand | 
that the curve in question must have a length and be continuous. | 
We shall limit our discussion in this paper to curves whose slope, 
considered as a function of the length of the curve from one end 
to the point where the curve has the slope in question, possesses | 
only a finite number of discontinuities, 

The method by which one would, at first thought, set out to 
solve this problem, would be that of the calculus of variations. 
But a little reflection will convince us that the condition that the | 
are dividing our area in a given ratio must lie entirely within the 
area, is difficult to express, and next to impossible to handle, by | 
the methods of the calculus of variations. 

Our problem is, however, easily amenable to an elementary © 
treatment. It is easy to show that the line of our fence, for 
example, will be either an are of a (finite or infinite) circle, or 
will be a chain of such arcs, such that two successive ares only | 
meet on the boundary of the area. 

To demonstrate this I shall first have to prove the following | 
lemmas. 


Lemma 1. Given a circle, and any two points on its periphery, : 
then an arc of a circle can always be found passing through these i 
two points, and dividing the circle in any desired ratio. 


For let the circle be called ¢ and the two points A and B. | 


Draw the chord AB. Construct its perpendicular bisector, and 
let the latter meet c in the points Cand D. Let E bea point on 


* The following article is on a topic suggested to the author by Dr Otto Szész, 
Privatdozent at Frankfurt am Main. It was the author’s original intention to 
have this article, with some further work of Dr Szasz, appear under the joint 
authorship of Dr Sz4sz and himself, but the war has rendered Dr Szasz at least 
temporarily inaccessible, and this plan impossible. Dr Sz4sz’ work consisted in a 
rigorous demonstration that the shortest line dividing any scalene triangle in a 
given ratio is a circle with its most acute apex as centre. 
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CD between Cand D. Let F be a point on CE between Cand £. 
Then draw the circles AEB and AFB. The lune ACBE is 
greater than the lune AOBF. For AHB and AFB only intersect 
‘at A and B, and £ is outside ACBF. Moreover, by choosing 
‘Band F near enough together, we can make the lune AEBF as 
‘small as we wish. For we can construct a circle concentric with 
AEB and passing through F. The ring between this circle and 
AEB will contain the lune in question, and will have the area 


) Qorr (EF) + 7 (EFS, 
| a 
‘where r is the radius of AFB*. As HF decreases without limit, 
this will also. Therefore the area of the lune ACBE is a mono- 
tone continuous function of the length of CH within the region 
from CHE=0 to CE=CD. Therefore it can easily be shown by 
a continuity argument that 

area of ACBEH 

area of A DBE 


is a monotone continuous function of CZ, from CE =0 to CH= CD. 
and that in this region it takes every positive value. 


Lemma 2. The shortest line passing through two given points 
on the boundary of a given circle, dividing the area of the circle im 
a given ratio, is an arc of a circle. 

Let our circle be, as before, c, and the two points A and B. 
By Lemma 1, there is an arc of a circle dividing c in the desired 
ratio: let it be AEB. If AHB be a segment of a straight line, 
our lemma needs no proof. If not, let AFB be any other curve 
dividing c in the same ratio. Complete the circle A#B, and let 
AGB be the other arc determined by A and B on this circle. 
Let ACB be the are of ¢ within the circle AH BG. 

Then the area of the circle AHBG and that of the figure 
bounded by AF'B and AGB will be identical. For the two have 
the lune ACBG in common, and, by hypothesis, the area of the 
lune ACBE equals that of the figure bounded by AFB and ACB. 
By Steiner’s theorem the perimeter of A HBG must be less than 
that of AFBG, for it is a circle. Hence, since the two perimeters 
have AGB in common, the length of A#Bis less than that of AFB. 
This proves our lemma. 

i Our theorem is now easy enough to prove. For let us suppose 
our area given, and the shortest line dividing it in a given ratio 
also given. Let us call the latter 7. From any point on / at a 
positive distance from the boundary as a centre, we can describe 


* If AEB is a straight line, then AH BF may be enclosed in a rectangle whose 
base is constant, and whose altitude may be made as small as you will. 
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a circle lying entirely within the area. Except, at the most, ing 


finite number of points, we can make this circle small enough tc 
cut / in two points only*. Within the circle, J must be an are 0) 


ne 
m 
nN 


a circle. For, call our little circle c. Let J divide c in the ratio 


| 
| 
Construct the arc of a circle cutting c in the same points as J, 2 
/ 
dividing c in the ratio = Then consider the curve formed by. 
! 


this arc and the portions of J outside c. This must divide the. 
area in the same-ratio as J, and, if it is not the same curve as J! 
must be shorter. This contradicts our hypothesis. 

In the same way, it may be shown that J cannot contain two) 
arcs of distinct circles meeting inside the area. For, as before,’ 
about the meeting-point of these arcs describe a circle, ¢, cutting) 
each are in one point only, and lying entirely within the area.| 
Then, by the same reasoning as before, the portions of the two ares 
lying within c must form a single arc, which is impossible. Thus! 
our theorem is provedt. | 


* This is a consequence of the condition which we laid down for all curves 
considered in this article—that the slope of the curve at a point p, considered as a 
function of the length of the curve between p and one of the end-points of the 
curve, possesses only a finite number of discontinuities. This is at once obvious, if 
we reflect that any curve y = f(x), which intersects a circle ¢ described about some 
point on it more than twice, must have a maximum or a minimum in y between 
one of the points where it intersects c and the centre of c. 

+ It is almost self-evident that the shortest line to divide a conver area in a 
given ratio is a single arc of a circle, but this I have not yet been able to prove. 
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The Colour Variations of the Fauna associated with Crinoids. 
‘By F. A. Ports, M.A., Trinity Hall. 


: [Read 23 November 1914.] 
Although a number of animals have been previously described 
as living on crinoids and matching their hosts in colour no complete 
study of this commensal fauna has been made. During a visit to 
‘Murray Island, Torres Straits, in October 1913, I was able to make 
‘some observations on the wonderfully rich crinoid fauna on the 
reefs there. The commonest species is a form called Comanthus 
annulatum Bell remarkable for its extraordinary range of colour 
variation from very light coloured individuals in which white, light 
green, yellow and grey mingled in the colour scheme to others 
which are entirely dark green or black. In the shelter of its arms 
live commensal forms belonging to many groups of marine in- 
vertebrates and generally speaking they possess a type of coloration 
which makes them inconspicuous upon the host and so varies with 
the colour of the host. 

The commensals so far as they have been identified are given 
in the following list: 


CRUSTACEA. Decapoda Macrura. Synalpheus comatularum 
Haswell, S. Brucer sp. n.*, Periclimenes 
spp. n.t and a new genus (Pontoniopsis) and 
species of Pontoniid prawnst. 

Decapoda Anomura. (Galathea longirostris 
Dana and two new species of Galathea. 

Isopoda. Ctrolana sp. n. 

Amphipoda. A new genus of the family 
Amphilochidae. 

ECHINODERMATA. Ophiuroidea. Ophiomesa cacaotica and _ pyo- 
bably other species of brittle stars. 

ANNELIDA. Polychaeta. A form probably near Polynoé 
minuta Potts. 

Myzostomidae. A number of species. 


The different commensals have responded in different degrees 
to the stimulus causing this colour resemblance to their host. 
Thus among the Crustacea, in Synalpheus all stages of variation 
are met with, according to the individual inhabited, between a 
pale form with very narrow stripes of pigment to an extreme form 

* Probably the whole comatularum group of the genus Synalpheus are associated 
with crinoids. 

+ A number of species of Periclimenes have been described from erinoids. 


+ Mr L. A. Borradaile is publishing a description of Pontoniopsis and the new 
species of Periclimenes in a forthcoming revision of the Pontoninae. 
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totally covered with dark pigment, while in Cirolana, on the other | 
hand, the individuals associated with even the darkest crinoids, | 
possess only insignificant lines of pigment on the otherwise totally 
white body. In the latter case then there is no protective resem- | 
blance although we witness the incipient stages of its establishment, | 
Other forms like the polychaet, the amphipod and the brittle star | 
Ophiomesa only possess dark varieties and occur upon dark green / 
or black crinoids. | 

The most constant commensals of Comanthus annulatum are the « 
two species of Synalpheus. SS. Brucer was found in great numbers ‘ 


| 
: 
: 


Fig. 1. Synalpheus comatularum Haswell. x2. To show colour pattern. | 
eta euialler chela, the finger of which is modified for temporary fixation to ) 
e host. 


on the crinoids from the reef at Murray Island ‘but at depths of | 
about five fathoms it is largely replaced by S. comatularum. In \ 
both species the habits of the Alpheid and its colour variations are © 
similar. ach crinoid harbours a pair, male and female, which sit - 
side by side on the dise, with their heads directed toward the mouth. © 
When disturbed they cling firmly to the host, in S. Brucei digging 
the apical spines of the thoracic feet into the soft flesh of 
the disc while in S. comatularum the extraordinarily modified 
thumb of the smaller chela is hooked into the flesh or round a 
pinnule of the crinoid. When hunted off the dise they seek refuge 
on the under surface of the arms and when detached from the 
crinoid speedily return to its shelter. In addition they are re- 
markably thigmotropic, gathering together in an inextricable mass 
when kept in the same vessel. 
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__ The majority of the crinoids are dark green or black in colour 
and most of the commensal Alpheids are completely covered by 
a black or brownish-purple pigment. But often the pigmented 
dorsum is traversed by longitudinal stripes which are free from 
pigment, one down the middle line and two or three on each side. 
The relative extent of pigmented and nonpigmented areas is 
exceedingly variable and corresponds roughly to the coloration 
of the host which the Alpheid inhabits. Individuals lodging on 
erinoids whose general hue is light green have only thin purple 
stripes the rest of the body being unpigmented. In those members 
of the species S. Brucet which frequent a second host, Comatula 
pectinata, in which a bright red pigment predominates, the crustacean 
was also observed to show a red pigment covering the whole body. 
The range of colour variation is thus in S. Bruce: limited between 
these two related types the red and purple; but by an adjustment 
of the relative extent of the bands of colour the animal may become 
Meonspicuous upon the host whatever the colour scheme of the 
latter may be. 

In most cases both commensals on any crinoid are similarly 
coloured: rarely however there is a marked difference. I may 
mention one case in which the one member was marked with 
very definite and fairly wide stripes of dark pigment (the inter- 
mediate non-pigmented areas being prominent) while the other 
was uniformly covered by red pigment. I am inclined to explain 
this and all cases where the Alpheid is rather conspicuous upon 
its host (as occurs in a certain proportion of individuals) by supposing 
it to have migrated from some other crinoid at a comparatively 
recent period. So thickly do the crinoids lie in the crevices of the 
reef, all conceivable colour-varieties being herded together without 
distinction, that it is more than likely that an interchange of com- 
mensals should occasionally take place for Synalpheus, though 
tending to become a truly sedentary animal, is yet very active 
and an excellent swimmer. 

___Indiscussing generally the protective resemblance of Synalpheus 
to Comanthus a.com parison may profitably be made with the classical 
case of Hippolyte varians described by Gamble and Keeble. The 
young Hippolyte is free swimming and colourless but it becomes 
Virtually a sedentary animal anchoring itself to a seaweed in the 
Laminarian zone on which it finds both food and shelter. The 
‘prawn has the power of forming red, yellow and blue pigments 
and by altering their relative proportions in the chromatophores 
1é can acquire a green, brown, blue or red ground colour and is 
thus able to adapt itself to the varied colours of the seaweeds and 
hydroids. The pigment may be laid down in longitudinal stripes 
or horizontal bars and in this way a colour scheme can be formed 
Beching whatever seaweed the prawn shelters in. In early life 


( 
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a change in habitat is followed by a readjustment of the pigmen | 
altermg the colour scheme but this power is soon lost. 
The case under discussion is similar in kind though not in 
degree. Synalpheus is capable of producing only the two types 
of pigment—the red and purple. These moreover are only laid 
down in the one pattern in which longitudinal stripes are the | 
dominant note. The paucity of pigments points to a limitation | 
in the power of variability of the animal—but at the same time 
by alterations in the width of the stripes an approximate protective | 
effect is brought about. This effect is plainly a direct response : 
to the action of the environment. The general character of the! 
colour pattern is plainly fixed for both species: possibly by natural ‘ 
selection since most of the other crustacean commensals show the | 
same longitudinal striping. It is however difficult to see how natural ; 
selection can have brought about the power, in the individual, of | 
responding to the colour scheme of the host by developing the | 
requisite quality and quantity of pigment. Moreover in this case 
it would seem that even without a close resemblance Synalpheus | 
and the other commensals are adequately protected by their asso- | 
ciation with the crinoids. For on the approach of predatory animals 
the long arms of the crinoid close over and so defend any com-) 
mensals which happen to be on the disc from threatened attacks. 
These arms principally composed of calcium carbonate would be a | 
disagreeable mouthful for any fish and I never met with crinoids. 
with mutilated arms. Moreover the Alpheids are exceptionally 
active and can thus easily evade any unwelcome attentions. 
The commensal Galatheids are much rarer but they too show. 
an alternation of vertical bars of purple pigment with non- | 
pigmented areas. The new genus of prawns, Pontoniopsis, also 
shows a combination of the striped pattern with yellow (or green) 
and brown pigments which makes it comparatively inconspicuous 
on the light coloured crinoids it inhabits. The Myzostomids may | 
exhibit radiating bars of pigment different to the ground colour— ~ 
their resemblance to the host is sometimes very striking. But im 
the other commensals the striping is not very marked or entirely 
absent. 
It is possibly significant that the larger forms, for which | 
protection is more necessary, are generally speaking those which ” 
show the greatest colour variability and the latter feature may | 
be responsible for the almost universal occurrence of Synalpheus — 
upon crinoids in the Torres Straits area. 
A full account will appear in a forthcoming publication of the | 
Department of Marine Zoology of the Carnegie. Institute of | 
Washington. | 
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Preliminary notes on some Problems connected with Respiration 
in Insects generally and in Aquatic forms in particular. By G. L. 
PursER, Coutts Trotter Student, Trinity College. (Communicated 
by Mr F. A. Potts.) 


[Read 23 November 1914.] 


THE means by which the gases are carried to and from the 
respiratory organs, in the majority of Triploblasts, is the blood, 
which is a general carrier for all substances to be used or got rid 
of by the cells. These substances are usually simply dissolved in 
the serum, but oxygen, being often required in larger quantity, 
is also carried loosely combined with some substance which is 
situated in the serum or in special respiratory corpuscles. The 
two substances known to be respiratory in function are the 
pigments Haemoglobin and Haemocyanin, the former an Iron 
compound of a globulin, the latter a Copper one of like form. 

When, however, we examine the respiratory apparatus of an 
aérial Insect we find an altogether different arrangement, the 
reason for which is rather obscure. We do not, unfortunately, 
know from what stock or stocks the Insecta arose and have, 
therefore, little idea what the primitive insect was like, but still 
the origin of the tracheal system is a subject upon which it is 
interesting to speculate. 

Examination of the respiratory organization of a group con- 


taining both aquatic and aérial forms brings out the fact that the 


general method for aquatic members is evagination as a gill and 
for aérial members invagination as a lung, as for instance in Verte- 
brata. Fish have gills and the terrestrial members have lungs. 
Again in the Mollusca aquatic members of the Phylum, such as 
the Lamellibranchiata, have exposed gills, while in aérial members 
the mantlefold, used by so many aquatic ones to protect the gills, 
encloses a chamber which acts as a typical lung. 

Similarly in Arthropoda the aquatic forms, most Crustacea, 
have evaginations, gills, while the aérial forms, most Insecta, have 
invaginations, tracheae. The organ of respiration is therefore of 
the type that we should expect from an examination of other 
phyla. 

Another characteristic, which might well be expected in 
Arthropoda, is the serial repetition which is exhibited. Metameric 
Segmentation, which lies at the basis of the Arthropod Classifica- 
tion, is exhibited by almost every kind of organ in the animal’s 
body. Hence, what could be more natural than that the respiratory 
organ should follow suit and be serially arranged also ? 
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Where the principal difficulty arises, however, is in attempting 
to explain the most. peculiar feature of the whole arrangement, 
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the extraordinarily fine ramifications of the tracheal system into | 
the deepest tissues, with the result that the blood has been | 


deprived of one of its most important functions, the carriage of 
oxygen from the respiratory organ to the cells requiring it and 
the excretion of CO,. The reason for the origin of the haemocoele 
would perhaps help us towards the solution of this difficulty but 
unfortunately no adequate explanation is forthcoming. On the 
supposition, however, that the Insects arose when the haemocoele 
had only just begun to enlarge, we can quite easily imagine the 
course of evolution. The respiratory organs at that time would 
be simple pockets of ectoderm and cuticle serially arranged along 
the body. As the haemocoele enlarged the rate of circulation 
would most likely decrease. This would stimulate an increase in 
the surface of the tracheal system, owing to the need of a higher 
oxygen concentration in the blood, and of a better excretion of 
CO,. Anastomosis and further ramification would follow until 
we get, as a final result, the oxygen being delivered straight to 
the cells requiring it in the gaseous state. All this, however, is 
pure speculation and depends upon the assumption, which is 
perhaps unwarrantable, that when the Insecta became differen- 
tiated from the rest of the Arthropoda the haemocoele was of 
quite small size, or, at any rate, that the circulation was very 
much faster than at present. 

When Insects took to aquatic life [for the consensus of opinion 
at the present day is that aérial forms gave rise to aquatic forms 
rather than vice versa] their method of respiration was one, if not 
the chief, of their physiological difficulties. This same difficulty 
has arisen in other groups, the Mammalia, for example, where the 
Cetacea have become marine. These, however, have shirked the 
difficulty, and take long breaths, having, therefore, to come to the 
surface at intervals to renew their supply. Similarly many aquatic 
insects have to come to the surface to breathe. ‘These, for want 
of a better term, I call False Aquatics. The methods by which 
they obtain their supply of oxygen and prevent the entrance of 
water into their tracheae are extraordinarily diverse and make a 
delightful branch of study, but since they do not differ physio- 
logically from aérial forms I will say no more about them. The 
other division into which I divide aquatic insects is, in contra- 
distinction from False Aquatics, True Aquatics. These have, in 
one way or another, become specialized to make use of the oxygen 
dissolved in the water in which they live. 

On examination of aquatic insects generally we find that, 
though many false ones are imagines, none of the true group are. 
This is an interesting point because it seems to show that the need 
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for aérial flight has not been lost yet m any form, and that although 
such important changes of an adaptive character have taken place 
in the larvae the adults have so far been unaffected. The larval 
stage is the one of growth and therefore more dependent on its 
surroundings than any other. Consequently it is all the more 
likely to be modified by any alteration in those surroundings. 

This modification, it is important to remember, is very 
different in closely allied forms. Let us take the case of Culex 
and Chironomus. The imagines of these two Diptera are almost 
identical and are distinguished from one another in the field by 
the way they hold their legs when at rest, yet the young stages 
of Chironomus contrasted with those of Culew would place it almost 
as far away as another Order; for these reasons: the larva of 
Culex comes to the surface and breathes by a pair of spiracles 
which are situated at the end of a respiratory syphon on the 
eighth abdominal segment. It is an active larva, living at the 
surface of the pool with colourless blood and a well-developed 
tracheal system ; in fact a typical false aquatic larva. ‘The larva 
of Chironomus, on the other hand, lives nearly the whole of its 
life in a tube in the mud at the bottom of a pool, has its blood 
deeply pigmented with haemoglobin, and breathes by blood gills 
which are tubular outgrowths on the last two segments, the 
tracheal system being almost if not entirely absent. 

When we examine the pupae of these two we find that 
respiration is effected in Culex by means of a pair of trumpets 
which come off from the thorax and open to the atmospheric air, 
whereas in Chironomus it is effected by a pair of respiratory tufts 
arising from the same part of the pupa as in Culex, which are true 
aquatic respiratory organs, i.e. they make use of the oxygen dissolved 
in the water. 

This divergence which has occurred between closely allied 
larvae has resulted in convergence between larvae of insects 
very widely separated phylogenetically. A good example is found 
in the comparison of the larvae of Gyrinus, Sialis and some of the 
Trichoptera. These in general shape and structure of respiratory 
organs are extraordinarily similar, but no one would say that the 
Coleoptera, Neuroptera and Trichoptera are as closely related as 
this semblance suggests. 

When we consider the changes in the physical state of the 
oxygen as it passes from the surrounding medium to the cells, 
the difference between the respiratory methods mentioned above 
is emphasised. In the larva of Chironomus it remains in solution 
all the time; in normal insects and false aquatics it remains in 
the gaseous condition until it reaches the cells needing it; but 
in the true aquatics with tracheal respiration it is taken out of 
solution in the gills and carried through the body as a gas. 


5—2 
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This last change of state is very remarkable owing to the | 
difficulty of providing a physical and physico-chemical explanation 
of it. For a discussion of this subject I will refer to Miall in his 
admirable book on the Nat. Hist. of Aquatic Insects, page 37. ui 

Now let us examine the microscopical structure of a typical _ 
simple tracheal gill, for instance, such an one as the larva of Sialis 
possesses. These gills, like in so many other forms, are arranged : 
one pair to each abdominal segment for at least the first few 
segments, seven in the case of Sialis. The last segment bears a 
single filament which resembles two ordinary gills fused, but differs 
from them in being unjointed. This jointing is a feature peculiar — 
to Stales and is absent in those simpler forms found among the 
Trichoptera. fi 


Diagrammatic transverse section of Gill of Sialis. 


In trans. sect. they show the following structures (see fig.). 

(1) Outer chitinous covering, the exoskeleton. 

(II) The epidermal layer of cells, which secrete the exo- 
skeleton. I shall refer to this as the hypodermis. 

(III) The Haemocoele, in which may be seen, if the section 
be taken near the base, muscles and portions of F at-body ; and 
wherever it may be taken 

(IV) The Tracheal Tubes of chitin covered by their layer of 
epithelium. One main tube, with small side branches running to 
the periphery. 
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These gills are circular in trans. sect. but taper longitudinally. 
During life they are curved upwards and backwards over the 
segments of the abdomen. 

The Larvae of Gyrinus and Trichoptera, which we mentioned 
above as being so like that of Svalvs in general form, will bear the 
comparison being carried as far as the microscopical structure of 
their gills. There are minor differences, for instance in Gyrinus 
they are fringed, and in some species of Trichoptera the main 
tracheal tube is double, but the essential structure is identical. 
The Ephemerid larvae have gills which agree with those just 
described in being segmentally arranged, but differ from them on 
two points. 

(i) Though the gills may be much subdivided they are 
fundamentally lamellate and not filiform. There are many grades 
of subdivision ; in some species there is simply the double blade, 
quite lobose in character; in Chloéén the lamella tapers distally to 
a filament; while in Caenis the lamella has a fringe on its margins, 

(ii) They contain a brown-black pigment. If a gill of Chloéén, 
which has been mounted unstained, be examined under a hand 
lens, the whole of the tracheae are visible as black lines spreading 
over the lamella and a single one can be seen passing up the 
filament mentioned above. On microscopical examination this 
coloration is found to be due to a brown-black pigment which 
is present in a finely granular state in the cells of the tracheal 
epithelium. This, however, is not always its position. In Caenis 
it is situated in the hypodermis. Hence it could be found all over 
the body surface. Examination of serial sections of the abdomen 
shows that its distribution is restricted (i) to the gill surfaces, 
(ii) to the lower surface of the anterior pair of gills, which act 
chiefly as shields to protect the others, and (ii) to that part of 
the general body surface which is also protected by the anterior 
gills; in fact it is found in practically the whole of the hypodermis 
of the “ Branchial chamber” and nowhere else. This distribution 
in the individual and its occurrence in other aquatic insects in 
analogous, but certainly not homologous, organs, suggest the 
hypothesis that this pigment, which we will call. “Spadicin” 
[Lat. spadix, dark brown], is a respiratory pigment. There are 
a number of objections to this. First of all, its state; the solid 
condition not being a very active one usually. It may be urged, 
however, that some substances, Platinum for instance, are very 
powerful chemical agents in a finely divided state. 

Again, its absence in many forms where we should most 
certainly have expected it, in Sialis, Gyrinus, etc. This objection 
is difficult to cope with owing to our lack of knowledge of all these 
larvae, but in Sialis, perhaps, the blood takes its share of the oxygen, 
and so the rapid interchange which necessitates the pigment in 


68 Mr Purser, Preliminary notes on some Problems 


connection with the tracheal system is to a large extent done away 


with. 


asphyxiation. Since both Haemoglobin and Haemocyanin exhibit 


a colour change when reduced it was hoped that Spadicin would — 


show one also. As far as experiments have gone no such result 
has been obtained. 

There is very little of the general chemistry of Spadicin known. 
It is apparently insoluble in water and alcohol, the latter up to 
boiling point, but it is decolorized (dissolved ?) by strong Potash. 
During the reaction there is a colour change from brown-black 
through reddish to almost if not complete colourlessness. Owing 
to the difficulty of obtaining sensible amounts of the pigment, tests 
are usually unconfirmed and the results must therefore be received 
with caution. 

The great point in favour of Spadicin being respiratory is its 
distribution. Jt is found in the respiratory organs, gills and tracheal 
tubes in Ephemeridae and Odonata. If these organs were homo- 
logous this would not be a very strong point but they are most 
certainly not. In Ephemerids they are tracheal gills arranged 
segmentally; in Agrionids they are also tracheal gills but compose 
a group of three round the anus; while in Aeschna the rectum is 


modified to form a respiratory organ. Why is it that Spadicin only — 


appears in the respiratory organs of true aquatic insects if it has 
no respiratory function ? 

Now let us examine the respiratory organs of the Odonata: 

The Agrionid larvae have three lamellae at the posterior 
end of the body with its tracheal system spreading over the 
surface like the veins of a leaf. The pigment, as far as I can tell, 
is the same as in the Ephemerids and the same remark applies to 
Aeschna. The Agrionid larval tracheal gills, however, cannot be 
considered very important or very useful in connection with a 
discussion of the question of respiration, owing to an extraordinary 
lack of definite knowledge about their function. It is thought by 
many that they are not respiratory at all, but purely locomotory, 
being analogous to the uropods and telson of the Decapod Macrura, 
and although I cannot go that far owing to their structure being 
so typically that of a gill, it is significant that they seem to be able 
to live without them just as well as with them. 

The rectal wall of Aeschna has six thick longitudinal bands 
separated by thin and flexible membranes. Each longitudinal band 
bears a double row of transverse folds which enormously increase 
the epithelial surface and at the same time lodge the tracheal 
branches. Oustalet estimates that there are no fewer than twenty- 
four thousand of the folds. The tracheal branches enter larger, 
regularly arranged air-tubes which in turn open into the main 


Some direct evidence was sought by subjecting larvae to 
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trunks running the length of the body. A large volume of water 
is sucked into the rectum at pleasure, and from this the tracheae 
draw a fresh supply of oxygen. The vitiated water can be expelled 


_ either gently, or, when the larva requires to propel its body forward, 


with considerable force. The above account is taken from Miall 


_ who unfortunately does not give Oustalet’s reference. He goes on 
to say that these larvae, under strictly natural conditions, may 


increase the effectiveness of their respiratory organs by coming to 
the surface and taking in air directly. This would be made use 
of particularly if the water became foul. 

The pigment, as far as can be made out from the sections 


already examined, is not situated in the tracheal epithelium, but 


in the hypodermis. If this is the case, we have in the Odonata 
just the same variation in the position of Spadicin as there is in 
the Ephemeridae. Whether there is any significance in this fact, 
that though it may be found in one of two layers of epithelium, it 
is never, as far as I know, found in both in the same species, we 
have not the slightest hint, but it is one of the many points which 
a physico-chemical explanation of the action of these gills will 
have to elucidate. 

Of all the methods of respiration found amongst these true 


aquatic insects, the larvae of Chironomus, and perhaps others, 


‘exhibit the one most divergent from that of a typical insect. 


Whether they live at the surface or down in the depths of the 
pond they breathe by blood gills on the last two segments, two 
pairs of finger-like gills on the penultimate segment, and a rosette 
of four on the last. The only tracheae to be found in the fullgrown 
larvae are a few twigs in the thorax. The blood of these larvae 
performs, therefore, all the functions it is called upon to do im all 
groups of animals possessing a vascular system, with the exception 
of the Tracheates. In those species of Chironomus which live in 
holes in the mud their blood is highly pigmented with haemoglobin. 
This acts most likely as a storehouse of oxygen between two 
excursions to the upper layers of water. 

Before bringing this paper to an end I must again refer to 
Spadicin because it has been suggested that its function is ex- 
eretory. This brings us face to face with the following problem. 
In a larva living in the air with its numerous stigmata giving free 
communication between the tracheal system and the exterior, the 
lining of most of the tracheae is pulled out at each ecdysis, and 
a new chitinous tube of rather larger size is laid down, Thus the 
growth of the main tubes is allowed for and the useless lining got 
rid of. But what happens when such a larva as Chloéén under- 
goes ecdysis? If the lining is pulled out at this stage then the 
stigmata must open for a short time. This requires that (i) the 
openings be closed immediately after ecdysis or else the creature 


would drown, and (11) that there is an attachment between tracheal. 
system and exoskeleton at base of gills, the only place where the 
tubes could be extracted. These two requirements have not been 
observed to be present and in cast skins of Agrionid nymphs no 
signs of tracheal system is found. Spadicin (then) cannot be ex-) 
cretory, in the sense that it will be cast out with the tracheal lining, 
but it may be excretory in the sense that it is a break-down product’ 
of the old chitinous tube, which has been absorbed. 

Another suggestion is that it is the enzyme or proenzyme for) 
the absorption of the chitin. 

Up to now no work has been done expressly to test these! 
suggestions, but they seem unlikely because of the distribution of | 
the substance. It would be found on all the tracheae in all} 
apneustic larva [not in the gills and main trunks of some only], | 
and with regard to its having anything to do with the absorption |) 
of chitin the case of Caenis, and perhaps of Aeschna also, puts that | 
out of court. But although Spadicin may have nothing to do with | 
the problem, the question of ecdysis and growth of the tracheal | 
system of apneustic larvae is one of the most important which the | 
study of these aquatic forms raises. 

This is the position up to the present. By careful examination 
of as many new forms as possible, and from the experiments which 
Mr Balfour Browne, to whom I am very grateful for much advice © 
and valuable criticism, is conducting on Agrionid nymphs, I hope 
soon to have sufficient new facts and observations to decide, to my 
own satisfaction at least, some of the numerous questions which | 
the examination of the respiratory organization of true aquatic 
insects has raised. 
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On the Conditions of Instability of Electrified Drops, with 
fepereutions to the Electrical Discharge from Liquid Points. By 
JOHN ZELENY, B.A., Ph.D., Professor of Physics, University of 


Minnesota, U.S.A. (Communicated by Professor Sir J. J. Thomson.) 
: [Read 9 November 1914.] 


i\ 
_ Inarecent paper on the electrical discharge from liquid points, 
_a description is given of certain motions which are observed at the 
surfaces of such points when an electric current starts to flow from 
| them. 
_ The present paper is concerned with a study of this surface 
behaviour under a variety of conditions, and an explanation of the 
phenomena is given. 
} 
' Description of Eapervments. 
1. A discharge point of the kind in question consists of a 
‘small drop of liquid at the end of a tube, usually only a fraction 
‘of a millimetre in diameter. The drop may be made to assume 
a hemispherical form by applying a suitable pressure to the liquid 
inside of the tube. 
The arrangement of the apparatus used is shown in diagram in 
Figure 1. The discharge point A was made of glass or quartz and 
the current from it passed to the brass disc B (usually placed at a 
distance of 1°5 cms.) and then to earth through the galvanometer 
G. The reservoir C is joined to the bent glass tube D by the rubber 
tube #, which permits the reservoir to be raised or lowered for 
adjusting the pressure inside of the drop of liquid at the end of A. 
The liquid in the tubes is connected, by the wire F’, to the source 
of potential and an electrostatic voltmeter. 
In many of the experiments to be considered the essential parts 
of the apparatus were enclosed in a metal vessel to permit of work 
with various pressures and with different gases. 
Unless otherwise stated, it will be understood throughout the 
paper that a positive discharge from the point is being considered. 
2. When water is the liquid used in air at atmospheric pressure, 
it is noted, when the end of the point A is observed with a micro- 
scope, that as the potential is gradually raised, the surface of 
the drop being kept hemispherical by constant adjustment of the 
reservoir C, finally at a certain voltage the surface of the drop 
suddenly snaps back into a more flat position and the galvanometer 
indicates a momentary current. After adjusting the pressure so 
as to bring the surface to its first position, the phenomenon is only 


* J. Zeleny, Physical Review, N.S., Vol. 2, p. 69, 1914. 
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repeated after the potential has been increased above its former 
value. On continuing the procedure, the liquid surface soon takes. 
on a continuous up and down motion, a current of like period passing 
to the plate. At last the oscillations become too rapid to follow 
and the top of the meniscus simply appears blurred. On increasing 
the voltage further, the outline of the meniscus suddenly becomes! 
perfectly distinct and the current becomes steady, a telephone 
receiver in the circuit now giving no sound. At this stage of thel 
discharge the luminosity is confined to a very thin coating on thei 
liquid surface, whereas in the intermittent stage a faint light wasi 
observed extending, in the form of a brush, a good portion of the) 
distance to the plate. | 


ZD 
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Fig. 1. 


3. Experiments with water surfaces in air at reduced pressures 
show that the intermittent stage of the current is not obtained at_ 
pressures below about 60 cms. of mercury. In this region the 
current begins with a jump to a value of some magnitude, the 
meniscus of the liquid snapping back simultaneously to a lower 
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position; but the current may be maintained at a lower voltage 
than that at which it began. 

__ 4, A water surface in carbonic acid at atmospheric pressure 
shows the same behaviour at the lower potentials as that described 
‘in § 2 when air was used, but as the voltage is raised the blurred 
‘meniscus suddenly changes in this case not to a distinct hemi- 
‘spherical form as before but into a steady cone with a faint dark 
‘line extending outward from the apex for some distance, as shown 
by the drawing “a” in Fig. 2. 


a 
i 


Fig, 2. 


The height of the cone changes with change in the liquid 
pressure and when this is diminished sufficiently the form becomes 
that shown at “b” in the figure, where the small pointed portion 
at one side is to be noted as well as the faint dark streak extending 
out from it: The cone-shaped meniscus persists over a rather 
Marrow range of voltages, and when the upper limit of this range 
is reached the surface again becomes agitated. 

5. The potential at which the current ceases from a water 
Bertece in carbonic acid was found to be almost if not exactly 
identical with that at which the current ceases from the same 
point in air. Carbonic acid, however, shows the unique behaviour 
that this voltage remains unchanged for pressures down to about 
‘one-third of an atmosphere, below which pressure the intermittent 
‘stage of the current disappeared. The conical meniscus was not 
‘obtainable for pressures much below the atmospheric pressure. 
6. In hydrogen no intermittent stage of the current was 
‘observed with a water surface whatever the pressure of the gas 
(below an atmosphere). The current begins suddenly with a 
considerable magnitude, as described in § 3 for air at reduced 
pressures. 


Toate ties 
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7. An alcohol surface, both in air and in carbonic acid, was) 
found to behave in the same way as a water surface does in| 
carbonic acid, both as regards the oscillations with an intermittent 
current, and as regards the subsequent conical form of meniscus, | 
For voltages well above that for which the steady conical surface 
changed into a blurred agitated one, the appearance became that! 
shown at “c,” Fig. 2, where there are a number of fine points with) 
their attendant dark streaks arranged along the circumference of! 
a raised edge. . 

For voltages at which the oscillations of the meniscus first) 
appeared, these oscillations had a much smaller amplitude with | 
alcohol than they did with water, and the quantity of electricity | 
reaching the plate at each movement of the meniscus was also, 
much less in the case of alcohol. : 

The behaviour with alcohol remained quite unchanged as the| 
pressure was reduced below that of the atmosphere, in both air| 
and carbonic acid. The cone form of meniscus was observed in| 
air at a pressure of 12 cms, of mercury and in carbonic acid at a 
pressure of 25 cms. of mercury, these being the lowest pressures | 
used with these gases. Moreover the potentials at which the! 
current ceases were found to be the same in both gases and for | 
all of the pressures used. This potential was, however, only about | 
six-tenths of that at which the discharge stopped in air. 


Cc 
(0) 
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8. When the cone-shaped discharge surface of alcohol was ’ 
examined with a microscope magnifying about 50 diameters in | 
the instantaneous light of a Leyden jar spark, the dark streak | 
seen along the prolonged axis of the cone was not resolved into | 
drops. When examined without a microscope in weak continuous | 
light, a form of brush of considerable angle was faintly seen ex- 
tending outward from the end of the cone; but this brush showed | 
no luminosity when examined in the dark. A luminous brush of 
the same form as this one was previously observed (§ 2) at the end 
of a hemispherical drop of water at each of the intermittent dis- | 
charges from it. ; 
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Fig. 3. 
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9. When an alcohol meniscus is examined under instantaneous 
illumination as a current first starts to flow from it (i.e. during the 
intermittent stage), some of the shapes that the meniscus is seen to 
‘assume are indicated by “a” in Fig. 3. The peaked form tapers 
down to a point of vanishing diameter. 

With voltages at which the surface shows a great deal of 
agitation when viewed in ordinary light, it is seen under instan- 
taneous illumination that large masses and threads of liquid are 
‘pulled out of the surface. Some of the forms which have been 
observed are shown in Fig. 3 by the drawings “6,” “c,” “d,” “e” 
fand “ f.” 

_ 10. After the current from the conical form of discharge with 
aleohol has been allowed to flow for some time, the plate under- 
neath the point becomes wet with a disc of liquid which has a 
diameter about equal to the distance between the point and the 
plate. From the amount of liquid thus carried over, it appeared 
‘possible that the whole current from the alcohol point might result 
‘from the charges carried by minute drops leaving the charged 
‘surface and impinging on the plate. 

__ Experiments to test this pot were made on the conical form - 
of discharge in the open air, by noting what effect a blast of air, 
blown at right angles to the electric field between the point and 
‘plate, would have upon the current received by the plate. The 
Yeceiving plate was divided into two parts, one of which was 
earthed directly and the other of which was earthed through a 
galvanometer. When the discharge point was placed directly over 
the division line between these two parts and a moderate blast of 
air from a foot-bellows was directed along the surface of the plate 
from the part connected to the galvanometer towards the second 
part, the current reaching the galvanometer was reduced to zero 
although the blast had no appreciable effect upon the discharging 
‘surface. When the point was moved so as to be over a portion of 
the plate at some distance from its edge, the same stream of air 
reduced the current flowing through the galvanometer but did not 


_ Under similar circumstances a current from a metal point, 
carried as it is by gaseous ions, would not have been appreciably 
vaffected by the stream of air which was used. It is evident, 
therefore, that all of the current in this case was carried by 
‘drops of liquid, much larger than ordinary ions. 

_ A rough estimate of the size of these drops may be made from 
the observation that with a current of 2000 electrostatic units the 
conical point discharged alcohol at the rate of 10~* cubic centimetres 
per second. The point had a radius of 0:0189 cm., was situated 
13 cms. above the plate and was maintained at a potential of 
8300 volts. The electric surface density -on the drops must be’ 
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less than what would correspond to a drop having the 
potential of the discharge point, and so an estimate was made) 
based on later considerations and it was found that the radius! 
of the drops is probably between 10-*> cms. and 10~-‘cms. Accord- 
ingly many millions of these drops must be formed every second) 
under the conditions existing in the conical form of discharge from) 
an alcohol surface. | 

The ejection of these comparatively small pieces from the! 
surface is evidently quite a different matter from the outflow of 
large drops from the tube, and is doubtless the result of a state) 
of instability of the surface. 


Conditions for Instability. 


11. The conditions that are necessary for a charged surfalen 
to become unstable are exemplified by considering the equilibrium) 
equation for a spherical drop 


where 7’ is the surface tension, r the radius of curvature, o the 
electric surface density, and p the excess pressure inside the drop!) 
over that outside. 
The equilibrium becomes unstable when, p remaining un-/ 
changed, a small outward displacement of a portion of the surface) 
increases the outward force due to o, because of the increased curva- 
ture produced, more than it does the restoring pressure arising from | 
surface tension. a | 
To obtain a solution by this simple method, it is necessary, 
to know not only the shape of the surface but also the distribution’ 
of the charge on it, both before and after the displacement in 
question. 
The surface of a small drop at the end of a vertical tube is one 
of revolution and is nearly spherical. Let us consider the surface’ 
to be an ellipsoid of revolution about the axis of the tube, and! 
consider a displacement arising from an elongation of the rotation) 
axis. This elongation might result from liquid flowing into the) 


drop from the tube above, the minor axis remaining unchanged, or) 
it might result from a contraction of a portion of the drop near its 
place of attachment, the change of shape at the apex approximating 
more or less closely that of an ellipsoid of constant volume. The} 
calculation of the distribution of the charge on any shaped drop) 
suspended at the end of a cylinder is rather difficult. However, it 
is of interest to consider some ideal cases of isolated, charged,| 
ellipsoidal drops, undergoing changes of shape as a whole in one of) 
the two ways mentioned above, namely by keeping the minor axis 
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of the generating ellipse constant and hence having a variable 
volume, or by keeping the volume constant. 

Let “c” be the semi-axis of rotation and “a” the transverse 
/semi-axis, and consider in each case the ened tt of a portion 
of the surface at the end of the axis of rotation, inasmuch as 
experiment showed the instability to begin at this place on the 
drops examined. 

_ 12. First, consider the volume of the ellipsoid constant and 
‘that it has a constant charge Q. Equation (1) becomes 


2c as 


Putting the first derivative equal to zero, to get the relation for 
the limit of stability, and remembering that a’c=a constant, 


G2 NG azo nae ea eee tent en titi ce (3). 


Equation (2) shows that for this value of Q, the excess pressure, 
p, inside the drop vanishes. 
For a sphere, equation (3) becomes 


Ora erat wen uit Tela da: (4), 


a result obtained long ago by Lord Rayleigh*. 

If Q and “a” are taken as constant, there is no instability, but 
for every value of Q there is a value of “c” which gives stable 
equilibrium. 

Since in the drops experimented upon the potential V, and not 
Q, was maintained constant, cases will next be considered with that 
supposition. 


13. Consider V and “a” constant. Equation (1) becomes 
2Tc Gee 
ee eS Ou iatastsys ate. (5), 
2ara4 log? 5 = 
he ellipsoid being considered prolate, and “e” being the eccen- 


tricity of the generating ellipse. The neces at the limit of 
stability is 
ge 


VI = é log? 5 


ee a cel ea 
V2 = ral te (6), 


which becomes for a sphere, at the limit e = 0, 
VANEAU OM Utne SAGhOk Hane ee Sennen (7). 


* Lord Rayleigh, Phil. Mag., Series 5, Vol. 14, p. 184, 1882. 
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14. Lastly, considering V and the volume of the ellipsoid, 
constant, instability sets in when 


i 


Weeacah ee (8), 
(1 + é) log | SS 2? 


and this expression, at the limit of a mr reduces to 
Vis L2traT oo ec i ve eee (9). 


It is seen that under the conditions here taken, when instability’ 
begins, the pressure inside the drop is greater than that outside! 
the drop, whereas under the conditions assumed in § 13 the opposite! 
is the case. 

In the experiments with hemispherical drops of water at the} 
ends of tubes it was observed that when instability commenced) 
there was an excess of pressure on the inside of the drops and this} 
was approximately equal to one-tenth of the whole pressure caused) 
by surface tension alone. With a low meniscus however, the! 
pressure inside the drops, under the same conditions, was found) 
to be less than that outside. | 

It may be said that the values of V* given by equations (6) and| 
(8) differ very little from those given by equations (7) and (9) respec- | 
tively, for values of e as high as 0:2 or more. + 

15. The preceding results, and some further considerations, | 
lead to the general expression (applicable to drops on the end of, 
a tube) | 


as giving the potential at which instability commences, C being a 
constant depending upon the shape of the drop and the manner in) 
which it undergoes axial changes. We may test the expression| 
experimentally by finding how the potential necessary for insta-| 
bility is dependent upon the size of the tube and upon the suri 
tension of the liquid used. 


Experimental Results. 


16. As the first example we will take some results obtained} 
for water and alcohol. The potentials at which these surfaces’ 
ceased to be unstable were found to be 4050 volts and 2350 volts. 
respectively. In agreement with our formula, the squares of 
these numbers are seen to be proportional to the surface tensions 
of the two liquids (taking 72 for the value of the surface tension 
of water and 24 for that of the alcohol used, ‘ites was nearly 
absolute). i 

As a further test of the surface tension factor in formula 10, | 
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results, obtained some time ago with a number of liquids, are given 
im Table I for the potentials at which the surface oscillations, 
indicative of instability, ceased as the voltage was decreased. The 
list of liquids is confined to those which have an appreciable con- 
ductivity and still do not leave a solid residue on evaporation. The 
experiments were done in the open air (pressure = 74 cms. of 
mercury) with the point at a distance of 1°5 cms. from a plate. 


TABLE I. Instability Potentials. 


Radius of point, 00250 cm. Average temperature, 23° C. 


Substance Density | Surface tension} Instability potential Cc 
PAIEOLONE! o5......: 0-790 | 24:9 dynes/cm.| 9°30 electrostatic units| 140 
Methyl alcohol | 0:804 |253 ° ,, 9-25 i 137 

| Ethyl alcohol...) 0-812 | 25:3 Hi 9°25 . 137 
Waiter ..........-. 0-998 | 72-0 ze 15:90 Sete 140 
Acetic acid...... 1:053 | 30-0 i 9°67 ss 125 
Glycerine ...... 1259 |652 ,, 15°17 ‘ 142 
Chloroform..... AC | GO 10°17 * 153 


Column 2 gives the densities of the liquids named in column 1. 
Column 3 gives the values of the surface tensions of the liquids, 
determined while in the apparatus by measuring the pressure in 
‘an uncharged hemispherical drop. These values are not very 
accurate as the readings for them were taken incidentally only, as 

_the experiments were made for another purpose for which the surface 

| tensions were not needed. ‘The value given for the surface tension 
of glycerine was taken from tables, as a difficulty was found in the 
direct measurement owing to its high viscosity ; and the value for 
methyl alcohol is taken the same as that of ethyl alcohol since no 
‘direct measurement was made and the two substances have very 
nearly the same value. 
Column 4 gives the observed instability potentials expressed in 
electrostatic units. The last column gives the values of the constant 
Cin expression (10), as calculated for each liquid from the tabulated 
values of V, a, and 7’. 

When account is taken of the rather large experimental errors 
in the determinations of 7’, the values of C are nearly enough alike ~ 
to show that the squares of the potentials at which instability begins 
are proportional to the surface tensions of the liquids. 

17. For showing the dependence of V upon the radius of the 
discharge point, reference is made to a table of electric intensities, 
J, given in a previous paper (loc. cit., p. 88) which were determined 
at the surfaces of water drops ranging in radius from 0:0146 cm. 
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to 0:0543 cm., when the oscillations in question and the currents) 
from the points were observed to stop. Since the current from a 
point also starts at this stage it was then thought that the values 
-of f obtained were those requisite for starting a discharge, but 
it is known from the considerations given in this paper that 
the oscillations indicate rather the beginning of instability at the | 
surface, although with water the two actions start at potentials 
which are not greatly different. 


The results, in the table referred to, show that f Va=a constant, | 


and putting f 0 ue , we get V?=a x a constant, which is the relation | 


in expression (10). ) 

Taking the average value of the constant C from Table L i 
expression (10) becomes V?= 140a7' and for the sake of comparison ! 
with the expressions obtained in § 13 and 14, this may be put mi 


1l67aT 
pe 
the form V2 = 0:36 


It was found experimentally (loc. cit., p. 74) that the sunfale ! 
density on the end of a hemispherical drop attached to the end of | 
a tube, with a plate at a distance of 1:5 cms., is only about six-tenths 
of that on an isolated sphere of the same diameter and having the | 
same potential. The square of this number, or 0°36, must be intro- | 
duced into the denominators of the theoretical expressions in § 13! 
and 14 to permit of their comparison with experimental results on) 
drops at the ends of tubes. The experimental coefficient 16 is seen 
to be between the two coefficients 24 and 12 obtained in §§ 13 and 
14 respectively, and this may be taken to indicate that the experi- 
mental drop changes form in a way intermediate between that of | 
keeping a constant volume and that of keeping a constant cross- 
section. 


) 


Discussion. 


18. The relation of the potential at which the surface of a | 
charged drop becomes unstable, to that at which an electrical dis- 
charge starts, will now be considered. A study of a table giving 
surface tensions indicates that in air at atmospheric pressure the | 
limit for instability is reached on the surface of drops of all sub- 
stances which are liquid at room temperature, with the exception | 
of mercury, before a potential is reached at which an electrical” 
discharge through the air begins. But in hydrogen for example 
the potential for an electric discharge from a water surface is” 
smaller than the potential fer the beginning of instability. 

The size of the tube on which the drop is formed is of no great | 
consequence for the relationship in question, since it has been shown™ 


* J. Zeleny, Physical Review, Vol. 25, p. 317, 1907. 
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that for metal points with a radius greater than 0:025 cm. the 
voltages at which a discharge begins are proportional to the square 
roots of the radii of the points, which is the same relation as that 
obtained above for the beginning of instability with liquids, although 
for points smaller than the value given the voltages necessary for 
starting the current are larger than this relation would indicate. 
After a discharge has started from a surface, a large increase in 
the voltage may not bring on instability, because while a current 


_is flowing the electric intensity at the surface varies but little with 


the voltage used (Joc. cit., p. 85). 
Since the potential necessary for a discharge depends upon the 


pressure of the gas while the potential for the beginning of in- 


stability does not, it is possible to have instability begin first in 
a gas at atmospheric pressure and to have a discharge begin first 
in the same gas at reduced pressures. 

19. With water surfaces in air at atmospheric pressure, the 
potential at which a discharge starts is only a few per cent. higher 
than the potential at which instability sets in, and as the potential 
is gradually raised above this latter value the instability at the 


_ surface stops suddenly and a steady current flows from the surface. 
This indicates that either the surface tension is increased by the 
current or the electric intensity at the surface falls slightly as 
soon as the current starts. There is some evidence for both views. 


A sort of electrical discharge is present with water surfaces as 


soon as instability begins as is shown by a faint luminosity seen 
_ extending some distance from the point, but apparently this dis- 
charge is brought on by the changes of shape caused by the in- 
_ stability and may be confined altogether to the surfaces of the flying 


drops. 
The conical form of discharge surface, seen when carbonic acid 


is used with a water surface or when liquids of low surface tension 


are used, makes its appearance over a certain range of voltages in 
cases where the instability voltage is considerably lower than the 
discharge voltage. As the liquid is being pulled out rapidly from 


the tip end of the meniscus in the form of threads, the surface 


—— 


distribution over the rest of the meniscus becomes altered so that 
equilibrium necessitates the conical form of surface. This form of 
surface should be obtainable also with a water surface in air, if the 


discharge potential were raised sufficiently. The latter condition 
can be produced by increasing the pressure of the air, and on trial 
it was found that the conical form came on as predicted when the 
pressure of the air was increased but 10 cms. of mercury above 
that of the atmosphere. 


_ The presence of a little aleohol vapour in the discharge vessel 
also made the conical form of surface appear, by lowering the surface 
tension of the water. 
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20. The facts noted in §§ 5 and 7 that with water in carbonic | 


acid and with alcohol in air or carbonic acid, the oscillations of the 


meniscus began at a potential in each of the cases which was 


independent of the pressure of the gas over a considerable range, 
are explained by the discharge potential being much higher at 
atmospheric pressure than the instability potential, so that even 
at much lower pressures the discharge voltage was not reduced 
enough to be below the potential for instability. 


The successive individual discharges, mentioned in § 2, which — 
are observed at increasing potentials when a discharge is first 
started from an old water surface, are doubtless caused by the © 


surface having a low surface tension owing to contamination. As _ 
pieces of the liquid are pulled away, the contamination gradually — 
disappears and a higher and higher voltage is necessary to produce — 


instability. The falling of the meniscus after each of these dis- 
charges shows that an increase in the surface tension has taken 
place. 

At a later stage where the surface undergoes continuous 
oscillations at a given voltage, a different cause doubtless enters, 
the surface becoming stable intermittently owing to electric 
shielding by the material pulled out of its surface, i 

Sporadic discharges like those considered above are often 
noticed with metal points at voltages far below the final discharge 


potential, and it is possible that something of the same nature ~ 


takes place there as in these cases, a part of the adsorbed layer 
of gas and water being pulled off from the surface at each dis- 
charge. 

21. The expression given in § 15 for the potential at which 
instability begins applies to cases where the medium between the 
point and plane is a gas, and thus having a dielectric constant of 
approximately unity. If the experiment were done in a non- 
conducting fluid not miscible with the liquid of the drop, the 
expression would have to include &, the dielectric constant of 
the new medium, and would be writtenkV?=CaT. Evidently, the 


dielectric constant could be determined in this way by measuring — 


the surface tension between the two liquids and the voltage at 


which instability starts. 


22. It follows from the results recorded in this paper that | 


before a potential is reached which would result in lightning ~ 


striking a tree, for example, the leaves, if wet, will discharge water 
from their edges in the form of minute electrified drops which 
will form an upward shower tending to neutralize the electric 
field. But since the discharge potential is so near to the in- 
stability potential for water, it is not likely that this phenomenon 
plays any important part in the atmospheric electricity during 
storms. 
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The condition for instability also sets a limit to the possible 
size of charged rain drops, but the charge on drops of the usual 
size would have to be very large indeed before instability would 
arise from this cause. 


Summary. 


23. Certain motions of agitation, which are observed at the 
surfaces of drops of liquid when an electric current starts to flow 
from them, are described and the conditions under which the 
movements occur are studied (§§ 2—9). 

It is shown that in some cases (§ 10) the observed current is 
all carried by minute charged drops, formed of liquid which has 
been pulled from the discharging surface. 

The ejection of these masses from the surface occurs when the 
stabilizing effect of surface tension is overcome by the instability 
caused by the electric forces (§ 11). 
| A relation between the an at which instability begins, 
and the dimensions of the drop and the surface tension of the 
liquid, is derived for some ideal cases (§§ 11—14), and a formula 
| _ applicable to the drops used in the experiments is given (§ 15). 

In agreement with theory, the experiments show that the 
square of the potential at which instability begins is proportional 
to the surface tension of the liquid (§ 16) and to the radius of the 
tube on which the drop is formed (§ 17). 

| In air at atmospheric pressure, instability sets in before the 
true electric discharge through the gas begins, for all liquids 
except mercury (room temperature assumed) (§ 18). 

In a gas like hydrogen or in air at reduced pressures, the 
electric discharge may be obtained in many cases before insta- 
bility occurs (§ 18). 

An explanation of the observed effects is given (§§ 19, 20), and 
some outside applications of the results obtained are considered 


| (S§ 21, 22). 


A part of the work on this investigation was done at the 
Cavendish Laboratory, and I wish to express here my thanks to 
Prof. Sir J. J. Thomson for his kind and helpful interest in the 
work and for placing the necessary apparatus at my disposal. 
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~ Lhe Origin of the ‘ Wolf-note’ in Bowed Stringed Instruments. 
By G. W. Waite (M.Sce., 1851 Exhibition Scholar), Fitzwilliam 
Hall. (Communicated by Professor Sir J. J. Thomson.) 


(Plates II—IIL.) 
[Read 8 February 1915.] 


| On all stringed instruments of the violin type a certain pitch 
ean be found which it is difficult and often impossible to produce 
by bowing. This note is called the ‘wolf-note’ and usually occurs 
at an interval of an eleventh or twelfth above the lowest note of 
the instrument. At this pitch on either string the bow refuses to 
“bite, and a soft pure tone is almost impossible to obtain; if the 
pressure of the bow on the string is increased the tone resulting 
is usually of an unsteady nature with considerable fluctuations in 
‘Intensity (the note probably received its name from this phe- 
-homenon). It was thought that possibly an analysis of the vibration 
of the belly of the instrument for frequencies in the neighbourhood 
of the ‘ wolf-note’ would settle the question of its origin, on which 
there is considerable disagreement amongst musicians. The 
Instrument selected for experiment was the ’cello. On such 
instruments the imperfect note is usually very pronounced 
especially when played high up on the G-string. 

The vibration of any part of the body of the instrument was 
recorded as a line on a moving photographic plate by reflecting a 
beam of light from an optical lever one leg of which rested on the 
vibrating surface. Fig. 1 shows the method of holding the ’cello. 
A rigid wooden framework was clamped tightly to a table. The 
framework served to hold a steel rod in such a position that it 
stood parallel to and at the same height as the neck of the 
instrument when standing vertically with its peg on the table. 
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By means of adjustable clamps attached to the rod the instrument 
could be securely fixed. At the spot on the belly chosen for 
investigation a strip of wood covered with a piece of microscope 
cover glass was fixed. This formed a support for one leg of the 


optical lever. The other two legs rested in a conical hole and 


V-groove made in a bracket attached to the edges of the belly 


and back (the edges joined by the ribs are practically free from 
vibration). The optical lever was kept with its legs horizontal 


and in contact with the belly and the bracket plate by means of 
two rubber bands. The mirror of the optical lever was attached 


directly to the plate carrying the legs and therefore rocked about 
a vertical axis. A beam of light from a pin-hole illuminated by 
an arc lamp was directed on the small concave mirror and focused 


on the photographic plate. Half plates were used and were fixed 


in a dark slide which could drop in a framework. The latter 
could itself be moved horizontally thus allowing ten or more 
exposures to be made on one plate. The dark slide was held at 
the top of the rails by an electromagnet, and at the required 
moment was dropped by breaking the circuit with a lever under 
the experimenter’s foot. The optical lever was placed with its 
movable foot on the C-string side of the belly and near the 
¥-hole. . 

First the author satisfied himself that the main features of a 


re tt ce 


vibration curve however complex could invariably be reproduced - 


on repeating the note. Curves 1—3 (Fig. 2) were obtained by 
bowing the open D-string with different intensities. A slight 
difference in the prominence of partials will be observed. 
Secondly it was ascertained how the character of the vibration 
curve for a given pitch depended on the point examined on the 
belly. Three points on the beily were studied and such small 
differences as were obtained in the vibration curves could be 
completely accounted for by the changes in amplitude. Curves 
4—6 (Fig. 2) were obtained by bowing A on the G-string and 


recording the vibration of a point on the belly (@) near the left 


foot of the bridge, (b) 9 cms. above the top of the left F-hole and — 


(c) 9 cms. below the bottom of the left F-hole. The magnification 
was arranged to suit the amplitude obtained. 


It was also observed that the character of the belly vibration — 
produced by bowing a string was often greatly affected by the 


forced vibrations of the other three strings if these were free to 
vibrate. Curve 7 (Fig. 2) was obtained by bowing the open 
G-string, the other three strings being free; the belly vibration 
changed to that shown in curve 8 on fixing these strings. In the 
following examination of the vibrations produced by bowing a 
string other strings were always fixed. 

Feeling satisfied from the above and similar tests that the 
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photographs could be relied upon, the author proceeded to obtain 
records for a series of notes played on the G-string and passing 
through the ‘wolf-note.’ The curves shown in Fig. 3 were obtained 
for such a series with a ‘cello which had a ‘ wolf-note’ at a pitch a 
little below G. The notes in the series start at B below the 
‘wolf-note’ and proceed by two steps per semi-tone through the 
‘wolf-note’ to A. In the curves the quarter tones are indicated 
by plus signs. ‘Two records of the ‘ wolf-note’ were made. 

It will be observed from these photographs that for notes 
played low down on the G-string the curve is rather complex, the 
third and fourth partials being quite prominent. As the note 
approaches the ‘ wolf-note’ the curve becomes exceedingly simple - 
and a considerable increase in anyplitude occurs. It will also be 
noticed that the character of the ‘ wolf-note’ curve changes along 
its length, unlike other curves, This was shown still more clearly 
in photographs which were taken on a film wound on a drum of 
diameter 20 cms., which while rotating moved horizontally on a 
screw of pitch 8mms. Fig. 4 is a section taken from a film record 
of this nature. The curve clearly shows the phenomenon of 
“beats, which explain the fluctuations in intensity of the sound. 

_ The increased amplitude of the belly at the ‘ wolf-note’ led 
‘one to the conclusion that this note, or some note near it, was the 
pitch of best resonance of the instrument. [The author satisfied 
himself that the effect was not one due to a change in pressure of 
the bow, by studying the connection between the amplitude of the 
‘eurve and the bow pressure for pitches in the neighbourhood of 
the ‘wolf-note.’| To find the ‘resonance note’ a cornet was blown 
with its bell near the A-string corner of the bridge of the ‘cello, all 
strings of which were fixed, and the motion imparted to the optical 
lever examined. Any frequency could be obtained on the cornet: by 
adjustment of the valves and slides. The maximum belly vibration 
occurred when a note between F-sharp and G was sounded. On 
the ’cello examined the ‘ wolf-note’ could be heard between these 
two pitches; as the note played was raised in pitch from F, the 
‘pure tone ceased at F-sharp and was resumed at G. The pitch of 
‘the ‘ wolf-note’ was therefore the pitch of maximum resonance of 
the instrument. Another ’cello was examined which had its 
‘wolf-note’ at F (a little lower than in the previous case). This 
instrument also was found to respond best to a cornet note of the 
‘same pitch as the ‘ wolf-note.’ 

From the above results it is clear that the ‘ wolf-note’ does not 
arise from imperfect workmanship, as is commonly thought, but isa 
defect natural to the instrument when made according to the 
present dimensions; these have been found empirically to give a 
good general tone, and incidentally they give the instrument 
a maximum resonance pitch near the middle of itsrange. Playing 

7-2 
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a bowed stringed instrument consists in forcing a system to vibrate 
with certain frequencies, and the ‘wolf-note’ arises when the im- 
pressed pitch approaches the ‘natural pitch’ of the system. The 
fluctuations in intensity are due to beats which accompany the 
forced vibration impressed on the resonator and which by reacting | 
on the string may interfere with even bowing. 

These preliminary experiments were carried out in the| 
University of Bristol at the suggestion of Dr A. M. Tyndall to 
whom I wish to express my best thanks. A complete study of the | 
problem is now being made which will deal with the nature of the: 
resonator, the mechanism producing the imperfect quality and 
methods adopted to minimise the effect of the ‘ wolf-note.’ i 
results of this work will be published shortly in a joint paper with 

| 


Dr Tyndall. 

My thanks are also due to Dr H. Brown, F-.R.S., for his interest. 
in the problem and his kindness in placing an instrument at my 
disposal for the experiments. 
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On some fossil plants from the Devonian rocks of North 
Devon. By EH. A. NeEwett Arser, M.A., Se.D., F.G.S., Trinity 
Yollege, and R. H. Goope, B.A., St John’s College. 


(Plates IV—YV.) 
[ Read 22 February 1915.] 
INTRODUCTION. 


Before the completion of the work on the Carboniferous rocks 
of Devon and Cornwall of the senior author of this note, a search 
had been begun for plant remains in the Upper Devonian series of 
North Devon. The existence of a few fossil plants, collected by 
the late Townsend Hall from these beds, seemed to indicate that 
further work might bring to light an interesting Devonian flora. 
The results however of this inquiry, which was aided by a grant 
from the Royal Society Government Grant Committee, have been 
disappointing. The repeated visits of the author in question spread 
over a considerable number of years, and supplemented by the 
enthusiastic help and skilful collecting of Mr D. G. Lillie, M.A., of 
Cambridge, Dr Young, of Woolacombe, and Mr I. Rogers, of 
Bideford, have not resulted in the discovery of fresh specimens 
at all proportionate to the time, labour and expense involved. 

There is little doubt that, while fairly well preserved plants do 
sometimes occur at more than one locality situated on the Baggy 
or Cucullwa beds, and to a less degree in certain other divisions 
of the Devonian of North Devon, such plant-bearing sediments 
are always of the nature of very thin local lenticles. These 
impersistent layers, often of less than an inch in thickness, are 
only occasionally exposed in quarries, and thus the chances of 
finding them are small. The well-known Sloly Quarry, in the 
parish of Marwood, some three miles north of Barnstaple, is a case 
in point. Many years ago it would appear that a plant-bearing 
band was there exposed, and of this exceptional opportunity 
Townsend Hall made good use. Nearly all the Devonian speci- 
mens from Devon, which now find a home in our museums, were 
collected by him in these circumstances. This quarry has recently 
been repeatedly visited and searched by one of us, and it seems 
quite certain that no plant-bearing shales are to be found there 
at present. In fact, beyond the occurrence of some very frag- 
mentary and badly-preserved stem-casts in sandstone, of no value, 
no plant remains have been obtained from it for many years past. 

Again, in the case of the small quarry of Croyde Hoe, on 
Baggy Point, from which some of the specimens figured here were 
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collected, it has been found that the plant-bearing shales are 


less than an inch in thickness, and very impersistent. Con- 
siderable quarrying operations, involving blasting, were found 
necessary to obtain even the few fragments figured here. 


Previous Records. 


Fossil plants thus appear to be exceedingly rare in the | 
Devonian rocks of North Devon. Yet the records of such are 


more numerous than might be supposed. There is however reason 


to believe that many of these relate to very obscure forms, no~ 


doubt originally of vegetable origin, but now quite unworthy of 
even generic determination. Some may also be the tracks of 
animals, others structures of inorganic origin. . 

The earliest reference dates from 1838, when Williams* men- 
tioned the “ Wollacombe sandstones and purple slates—contaiming 
fossil wood and plants,” and also “the wood and plants of the 
Sherwell sandstones.” 

Two years later Sedgwick and Murchison} published Lindley’s 
determinations of plants, collected from Sloly quarries (Marwood 
beds) by Williams and also by Major Harding}. Lindley con- 


cluded that “these remains are not susceptible of specific 


identification.” A Stigmaria or a Lepidodendron were recognised _ 


however, and other specimens were doubtfully compared with 
Sternbergia and Calamites. Lindley§ also identified Stigmaria 
ficoides from the Marwood quarries, and, according to De la Beche||, 
his other determinations were a “ Bothrodendron, somewhat re- 
sembling B. punctatum, and a Knorria, like Kn. Sellonu 
(Sternberg).” 

In 1863 Salter recorded from the Marwood beds “ Bornia 
(Calamites) transitionis, Goeppert and Lepidodendron (Knorria) 
dichotomum Haughton, and its roots.” 

In 1866 Godwin-Austen ** mentioned specimens from the Fore- 


land Grits, which he regarded as due originally to a “terrestrial 


vegetation.” Ktheridget+ however dismissed them as “a few 
undeterminable plant-like remains (Fucoids).” 


* Williams, Rep. Brit. Ass. Liverpool (1837), Vol. vz. pt. 2, p. 95, 1838. 

+ Sedgwick and Murchison, Trans. Geol. Soc. Ser. 2, Vol. 5, pt. 3, pp. 648, 682 
and 695, 1840. 

+ This collection, which is now in the Jermyn Street Museum (Nos. 14881-3), 
consists solely of Knorria casts. 

§ Sedgwick and Murchison, ibid. p. 690. 
‘ || De la Beche, Rep. Geol. Cornwall, Devon and W. Somerset, London, p. 50, 

839. 

{| Salter, Quart. Journ. Geol. Soc. Vol. 19, p. 480 (see also p. 481), 1863. 

** Godwin-Austen, Quart. Journ. Geol. Soc. Vol. 22, p. 3, 1866. 

+t Etheridge, Quart. Journ. Geol. Soc. Vol. 23, p. 595, 1867 ; see also Proc. Geol. 
Assoc. Vol. xxv. p. 100, 1914. 
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In the following year the most important paper which has yet 
been published on the Devonian plant fossils of Devon appeared 
from the pen of Townsend Hall*. He recorded Sigillaria sp. 
from Top Orchard quarry, Calamites sp. from Frankmarsh quarry, 
and Sternbergia sp. from Croyde,—all from the Pilton beds. We 
have not been able to trace these specimens. There is one from 
_the locality first mentioned above in the Atheneum, Barnstaple, 
but if this is the specimen in question, it is quite indeter- 
minable. 

In addition to previous records, the following important deter- 
minations were made from Sloly quarry : 


Adiantites hibernicus Forbes, 
Knorria sp., 
Sphenopteris sp. 

Knorria sp. is also recorded from Marwood, but no plants were 
known to Townsend Hall from Baggy Point, with the exception 
of “doubtful species.” 

Ktheridge+, in his important memoir on the Devonian of 
North Devon, enumerates the same determinations, and records 
Adiantites hibernicus Forbes from both the Baggy and Pilton 
beds. 

Townsend Hall’s collection appears to be preserved partly im 
the British Museum (Nat. Hist.) and partly in the museum of the 
Atheneum, Barnstaple. One of us has carefully examined these 
fossils more than once, but has been unable to find any speci- 
men of Archwopteris hibernica (Forb.) among them. We may 
add that we have never seen any example of this plant which 
there was any reason to suspect of having been derived from 
Devonshire rocks. Thus this record is best regarded as “not 
proven.” 

In 1896 Whidborne? recorded Knorria sp., Bernia [? Bornia] sp., 
Rhodea moravica? and Stigmarian roots from the Marwood, Bagg 
and Sloly beds. It is possible that the attribution to Rhodea 
relates to the fossils here referred to Sphenopteridium rigidum 
(Ludw.). ; 

Hicks§ also mentions plant remains in the Hangman Grits at 
Timberscombe, West Somerset, and from the Pickwell Down 
Sandstones, near Barlinch Abbey, in the Exe Valley. These 
specimens however we have been unable to trace. 

One of the most recent lists|| of plants from Devonshire, some 

* Hall, Quart. Journ. Geol. Soc. Vol. 23, p. 380, 1867. 

+ Etheridge, ibid. pp. 616, 669, 674. 

* Whidborne, Proc. Geol. Assoc. Vol. xiv. p. 372, 1896. 

§ Hicks, Quart. Journ. Geol. Soc. Vol. 53, p. 440, 1897. 


|| Kidston, in Woodward Geol. Mag. Dec. 3, Vol. 1, footnote on p. 534, 1884 ; 
also in Woodward ‘‘ Monogr. British Carbonifer. Trilobites,’ Pal. Soc. footnote 


p. 59, 1884. 
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of which may have been derived from Devonian, while others 
were certainly obtained from the Carboniferous rocks, must be 
discarded, as there were no records as to the localities from which 
any of the specimens were collected. The circumstances relating 
to these records have already been explained by one of us* else- 
where. . 
To sum up the results of previous work on the Devonian 
plants of North Devon, we may conclude that the only valid and 


satisfactory determinations so far all relate to specimens from the | 


Baggy beds, and that they consist of Sphenopteris sp., the Knorria 
casts of some Lycopodiaceous genus, and very doubtfully Astero- 
calanutes scrobiculatus (Schl.). The best examples of these will 
be described here, with an account of some specimens from a new 
locality at Baggy Point, which was originally discovered by 
Dr Young in 1907. We may commence with the first plant 
record from the Lynton beds, from material collected by 
Mr G. F. Tregelles, of Barnstaple, in 1911. 


DESCRIPTION OF THE SPECIMENS. 


An obscure Plant impression from the Lynton Beds. 
Text-fig. 1. 


Text-fig. 1 represents one of the plant remains} obtained by 


Mr Tregelles from a quarry to the west of Lynton at the head of 
the Valley of the Rocks, in a lane behind “Rock Lodge.” The 
mineral representing the plant somewhat recalls graphite in ap- 
pearance. It consists of a short axis bearing several lateral 
organs, which, despite the absence of any nervation, are more leaf- 
hike than branch-hke in form. The axis is fairly stout, incomplete, 
especially above, and measures at least 3°8 cm. in length and 
4°5 mm. in width at the base. The lateral organs appear to be 
arranged in a close spiral, there being eight or more, all in con- 
tinuity. The bases of several others are also seen broken off 
abruptly. None however are complete. They measure from 7 to 
10 cm. in length. They are lanceolate in form, and the apex ap- 
pears to be elongately acute. They are 7—8 mm. across at their 


broadest part. They show no trace of nerves, and there is no real — 


evidence of any dichotomy. The division of one of the lateral 
members, which is seen on the left-hand side of the specimen 


(text-fig. 1), is in all probability due to bad preservation, and not 
a natural feature. 


* Arber, Phil. Trans. Roy. Soc. Ser. B, Vol. 197, p. 298, 1904. 

+ We understand that another similar specimen has been presented by 
Mr Tregelles to the Atheneum Museum, Barnstaple. The figured specimen was 
given by him to the Sedgwick Museum, Cambridge. 
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This impression, although admittedly obscure, appears to us to 
be of a new type, and qnite distinct from those generally classed 
under the term Bythotrephis Hall, some of which are undoubtedly 
of algal origin, while others may in reality be the tracks of 
animals. It is distinguished especially by the absence of any 
dichotomy of the lateral organs from such plants as Psilophyton 
Daws. and Hostimella Stur. The nearest approach in habit 
among Devonian fossils previously described appears to be a speci- 
men from Spitzbergen figured by Nathorst* in 1894 as a 
Psilophyton-like stem, and one from Canada attributed by 
Dawson+ to the same genus. Here we also find an axis bearing 
lateral organs, somewhat similar in form to our specimen, but 
they are apparently arranged distichously, and not spirally. In 


¥ 


Fig. 1. An obscure plant impression from the Lynton beds. (Reduced.) 


any case, these fossils are probably generically distinct from our 
specimen. 

At the same time, the British plant appears to us to be too 
obscure to warrant the institution of a new generic term. Its 
chief interest lies in the unusual habit, which, imperfectly pre- 
served as it is, inclines us to the view that we may here be dealing 
not with a terrestrial, but with an aquatic plant, though not 
necessarily a marine organism. However this may be, the plant 
origin of the specimen will, we think, hardly be disputed, and it 
is, aS has already been pointed out, the first example made known 
from the Lynton beds. 
fe i Nathorst, K. Svensk. Vetens. Akad. Handl. Vol. 26, No. 4, 1894, p. 11, pl. 1. 

: + Dawson, Foss. Plants Devon. and U. Silur. Canada, 1871, pl. vu. fig. 80a. 
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Uerer DEvonIAN PLANTS. 
Sphenopteridium rigidum (Ludw.). 
Plate IV, fig. 12; Plate V, figs: 1) 3) @ 


1869. Sphenopteris rigida Ludwig, Paleontogr. Vol. Xvit, 


pt 3) p: HZ epl xt shes, Ih loth: 

1897. Rhodea Schimperi Potonié (pars), Lehrb. Pflanzenpal. 
p. 135. 

1899. Sphenopteridium rigidum Potonié, ibid. p. 364, 
fig. 344, 

1901. Sphenopteridium rigidum Potonié, Abhand. K. Preuss. 
Geol. Landesanst. N. F. Heft. 36, p. 16, fig. 2 on p. 18. 


In the photograph reproduced on Plate V, fig. 1, which is 
slightly below natural size, several pinnules are seen, three of 


which are fairly complete. One is still attached to a broad axis, | 


45 mm. across. This specimen, which is in the Hall collection 
in the British Museum (Nat. Hist.) V. 3562, was derived from 
Sloly Quarry, and is the most perfect example of this frond yet 
obtained from Devonshire. It appears to be identical with 
Sphenopteridium rigidum (Ludw.) from the Devonian of Germany. 
As compared with Ludwig’s original figures (see above) the agree- 
ment is perhaps not very close. The pinnules, which are 2 cm. 
in length, are more widely separated, somewhat less lobed and 
toothed, and the ultimate segments less pointed. Potonié’s 
figures of the same specimens, especially fig. 2¢ (see above), appear 
to agree better, though here again the ultimate lobes or teeth 
are longer and more pointed. On the whole, however, we think 
there is little doubt as to the specific identity of the English and 
German fossils. 

Several examples of the same plant have also been obtained 
by one of us from Baggy Point. They are all however more 
fragmentary than the British Museum specimen. One of them 
is figured on Plate V, fig. 6 (three times enlarged) showing 
some of the incomplete lobes of a pinnule. The terminations of 
a pinnule are also seen on fig. 3 of the same plate. In only one 
of our specimens is there any indication of the nervation (Plate IV, 
fig. 12). The nerves in each lobe are fairly close, several in 
number, and branched repeatedly. 

These specimens we should also be inclined to attribute to 
Sphenopteridium rigidum (Ludw.). There is also some resem- 
blance to Sphenopteris devonica Unger* from the Devonian of 
Saalfeld, Thuringia, though this plant is probably a distinct 
species. 

* Unger, Denksch. K. Akad. Wissen. Wien (Math.-Nat. Cl.), Vol. x1. 1856, 
p. 163, pl. vi. fig. 21. 
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Sphenopteris sp. 
Plate V, figs. 2 and 4. 


Two small fragments of a further frond have been obtained 
from the Baggy beds of Croyde Hoe quarry, associated with 
Xenotheca. These are figured on Plate V, figs. 2 and 4. Fig. 4 
shows two fragments of pinnz, one with two, and the other with 
one pinnule. The pinnules are more or less: orbicular in shape, 
with several rounded lobes, which are either entire or notched. 
They are contracted at the base. The nervation is not clearly 
seen, but appears to be of the Sphenopteris type. The axis is 
faintly striated longitudinally, but not winged. 

Another specimen, shown on fig. 2 of the same plate, which 
we think may possibly belong to the same plant, has two un- 
divided orbicular pianules, the nervation of which is also obscure. 

In general habit these specimens somewhat recall the common 
Coal Measure frond Sphenopteris obtusiloba Brongn., but the 
pinnules in the Devonshire specimen are much smaller, and the 
two plants are undoubtedly specifically distinct. 

The resemblance is closer to the fragmentary and unique 
Cyclopteris trifoliata, Unger*, from the Devonian of Saalfeld in 
Thuringia, which for some, not very obvious, reason Schimper+ 
places together with Cyclopteris dissecta in his genus Triphyll- 
opteris as T. elegans (Ung.). 

Crépin{ has also figured another fragment from the Devonian 
rocks of Condroz (Belgium) under the name last mentioned above, 
and this again appears to be very similar to the specimen figured 
on Plate V, fig. 4. 

The same is also true as regards the Lower Carboniferous type 
described by Stur§ as Sphenopteris foliolata, a much larger form 
with rounded pinnules and lobes. 

On the whole, although the Devonshire specimens are certainly 
too fragmentary to warrant specific comparison, we should be 
inclined to regard them as very nearly allied to, if not identical 
with, the Devonian types described by Unger and Crépin, as 
mentioned above. 


* Unger, Denksch. K. Akad. Wissen. Wien (Math.-Nat. Cl.), Vol. x1. 1856, 
p. 161, pl. vi. fig. 2. 

+ Schimper, Traité Pal. Végét. Vol. 1. 1869, pp. 480—1. 

£ Crépin, Bull. Acad. Roy. Belgique, Ser. 2, Vol. 38, p. 362, pl. 1. fig. 6, 1874. 

§ Stur, Culm Flora, Part 1, 1875, p. 22, pl. v. figs. 3—6. 
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Xenotheca devonica gen. et spec. nova. 
Plate IV, figs. 1—7, 10—11. Text-fig. 2. 


The most interesting fossil obtained from Baggy Point appears 
to be a cupule-like structure, or at least an organ connected with 
a fructification. A large number of specimens have been collected, 
but they are all fragmentary and in many cases badly preserved. | 
They however appear to represent a quite new type, which is 
certainly of interest. A general idea of this fossil is given by the | 
diagrammatic restoration shown on text-fig. 2. This, while not — 
accurate in detail, is substantially correct. 

X enotheca, as we propose to term this new genus, consists of a 
dichotomously branched axis, forking several times, the finer 
branches being terminated by fairly large, cupule-like structures, 
which are here termed theca. 


svt 


Fig. 2. Xenotheca devonica gen. et spec. nova. Restoration, about natural size. 


Habit specimens. The general habit is that shown on fig. 10, 
Plate IV and text-fig. 2. The axis repeatedly forks, and each — 
branch may end in a cup-shaped organ. No example has been 
obtained in which four thecw undoubtedly occur at the ends of all — 
four branches in continuity, but in the specimen figured on 
Plate IV, fig. 10 at least three and possibly four thece are present. 
In those examples in which the axis is least fragmentary the 
thece are usually badly preserved, and in this specimen it is 
impossible to decide whether one or two cups occur on the right- — 
hand side. The length of the branches of the first dichotomy here 
is 22cm. and of the second about 5mm. The axis varies in 
breadth from *5—1 mm. 

In another example the length between the first and second — 
dichotomies is 3:2 cm. 
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The Thece. The thece occur in several different states of 
preservation. One of the best of these is seen on fig. 11, natural 
size, and enlarged on fig. 7 of Plate IV. It is attached to a long 
stalk or axis. The theca is cup-shaped, rather short and com- 
paratively broad. It measures about 8 mm. in length, and 1 cm. 
across at its widest part. Distally it is divided into at least eight 
lanceolate teeth, which are rather blunt. The teeth are about 
15 mm. long, Another specimen (fig. 6 of the same plate) 
also attached to a stalk 1-4 cm. in length, and showing some 
indications of a dichotomy below, is somewhat similar but broader. 
It exceeds 1 em. in length, and 11 mm. in breadth. The number 
of teeth is here uncertain, but they were at least eight, the points 
of which are broken off in nearly all cases. 

A curious specimen, of which we have more than one example, 
is seen, natural size, on fig. 2 and three times enlarged on fig. 1 of 
Plate IV. It shows the ultimate dichotomy of an axis, each branch 
(7—8 mm. long) ending in a theca, the form of which is obscure. 
The number of teeth is also uncertain. They were at least four 
in each case, probably more. The thecz, as well as the axis, are 
covered with a large number of minute oval or circular scars or 
prints. These consist of a small central elevation, then a broad 
circular depression, and finally an outer raised rim. A micro- 
scopic examination of these scars (two of which are shown 8 times 
enlarged on fig. 4) does not throw any more light on their origin 
and nature than can be ascertained by means of a hand-lens, and 
we are quite unable to explain them. 

The theca shown on fig. 5 of the same plate is of a somewhat 
different type. Only a small part of the axis is seen, and the 
theca is more sac-like in form and the teeth are longer. The 
entire theca is 11 cm. long, and 5°5 mm. across at its broadest 
part.. The teeth appear to be at least 5 mm. in length, and were 
probably more than six in number. This form is much narrower 
than in the case of those described above. It may be a distinct 
species, but on the whole we are inclined to include it, at least 
provisionally, under X. devonica. 

Finally we have some examples of apparently lobed thecz 
such as that seen on fig. 3 of Plate IV, where the divisions between 
the teeth extend nearly to the base in some cases, and only about 
half-way in others. How far this is to be regarded as a natural 
feature it is difficult to guess. On the whole we should be inclined 
to view such variations as at least partly due to accidents of pre- 
servation. It is conceivable of course that, when mature, the 
thecze might split open along more than one line, but the present 
material does not allow us to form any opinion as to whether this 
actually did or did not happen naturally. 

As to the real morphology of Xenotheca there is little or no 
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evidence which is at all decisive. On the whole we are inclined ~ 
to regard it provisionally as a cupule, though we have not obtained _ 
any example of this organ either containing a seed or associated 
with seeds. On the other hand it is possible, of course, that it was 
a cup-shaped indusium enclosing sporangia, but. if this was so it 
differs greatly in size and in other respects from any Palzeozoic 
indusium which has so far been described. So far as it can be com- 
pared with Carboniferous cupules there is undoubtedly a certain 
resemblance. This is perhaps greatest in the direction of the 
fructification of Alcicornopteris Zeillert Vaftier*, from the Lower — 
Carboniferous rocks of France. The sterile frond of this species 
is recorded as having some resemblance to A. convoluta Kidst., a 
British Lower Carboniferous species in which the fertile fronds 
and organs are unknown. 

Vaffier’'s specimens are, unfortunately, not very well preserved. 
They show however a dichotomously branched axis terminating 
in organs which he calls indusia, but which nowadays. would no 
doubt be interpreted as cupules. Vaftier expressly compares 
these organs with Calymmatotheca Stangeri Sturt, now regarded 
as cupules. Here however the habit is different to the Devonian 
specimens, and the cupules are more deeply lobed. In neither the 
French nor the Austrian species do any seeds occur. Vaffier’s 
type, with six teeth, is no doubt specifically distinct from the 
specimens described here, although to us the resemblance is 
otherwise fairly close. 

There is also some similarity in habit to the British Coal 
Measure Lagenostoma Sinclairt Arb.{ in which however the cupule 
is less deeply divided, and to the German Devonian type figured 
but not described by Unger§ in 1856, which appear to show several 
cupules bearing seeds. If this is the right imterpretation of the 
latter specimen it is the oldest cupulate Pteridosperm known. 

While we incline to the cupule-interpretation of Xenotheca, it 
should be pointed out that somewhat similar structures have been 
described as spore-bearing. One of these is Codonotheca from the 
Coal Measures of the United States, described by Sellards|| and 
regarded by him as the male organ of a Newropteris. 

There is also a possible, but as it seems to us a much 
more remote comparison with the fructification attributed to 


* Vaffier, Etude Géol. et Pal. Carbon. Infér. Maconnais, p. 124, pl. vi. fig. 5; 
pl. vit. figs. fe la—1}, 1901. 
- + Stur, Culm Flora, Part 2, 1877, p. 151, text-fig. 27 on p. 158, pl. vit. 
figs. 5—7, 1877. See also more recent figures in Oliver, Biol. Centralb. Vol. xxy. 
p. 412, fig. 6, 1905. 

+ Arber, Proc. Roy. Soc. Vol. B 76, 1905, p. 251, pl. 1. fig. 11. 

§ Unger Denksch. K. Akad. Wissen. Wien (Math.-Nat. Cl.), Vol. x1. 1856, 
p. 184 (explanation to plates), pl. v1. fig. 25. 

| Sellards, Amer. Journ. Sct. Nel: xvi. 1903, p. 87; and New Phytol. Vol. vr, 
1907, p. 175. 
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Psilophyton* and more especially with certain figures given by 
Feistmantel+ of specimens from Rothwaltersdorf, attributed to 
this genus. 
| Xenotheca, gen. nov. Dvzagnosis. Dichotomously branched 
somewhat slender axes, the finer branches each terminated by 
a large cupule-like organ, cup-shaped, and ending in several 
teeth. 
: Xenotheca devonica, sp. nov. Diagnosis. Axis dichotomising 
at least three times, 5—1 mm. broad, the branches between the 
dichotomies or the cupules varying from 5 mm. to 3° cm. in 
length. Cupules, cuplike in form, 8 to 15 mm. or more in length, 
and 4 to 10 mm. in breadth, with, ‘distally, usually eight lanceolate 
| _ teeth, 2 to 4mm. in length. 


Telangium sp. 
Plate IV, figs. 8, 9. 


: Two examples of isolated fructifications occur, which consist of 
_ tufts of sporangia.united at the base and mounted on a common 
stalk. One of the specimens is figured, somewhat enlarged, on 
Plate IV, fig. 9 and shows several groups of sporangia. The other, 
fig. 8, shows a single tuft of six or more members, natural size. 
The sporangia are about 2 mm. in length, and in most cases there 
appear to be more than six in the tuft. They are free for the 
greater part of their length, but it is impossible to say whether 
they are united together at the base as a synangium, or are 
each inserted independently on the common stalk. 
These specimens, although specifically distinct, have a close 
resemblance to the Lower Carboniferous Sphenopteris (Telangium) 


aginis L. and H.t{ and S. (7.) bifida L. and H.§ 


Knorria sp. 
Text-fig. 3. 


Several good examples of Knorria-casts were obtained by 
Townsend Hall from Sloly quarry, one of which is shown in 
text-fig. 8. These specimens are in the Atheneum Museum, 
Barnstaple. There are also others in Lt.-Col. Harding’s collection 

at Jermyn Street, and in the Valpy Collection in the British 
Museum (Nat. Hist.). The last mentioned are from the Marwood 

* Dawson, Foss. Plants Dev. and Upper Silur. Canada, Part 1, p. 39, pl. x. 
fig. 121, pl. x11. especially fig. 140, 1871. 

+ Feistmantel, Zeitschr. Deut. Geol. Gesell. Vol. xxv. 1873, p. 541, pl. xv. 
figs. 39, 40. 


+ Peach, Quart. Journ. Geol. Soc. Vol. 34, pl. vir. figs. 1—3, 1878. 
§ Kidston, Trans. Roy. Soc. Edinb. Vol. 33, pt. 1, 1887, pl. vii. figs. 1—6a. 
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Fig. 3. Knorria sp. from Sloly Quarry, N. Devon. From a specimen in the 
Atheneum Museum, Barnstaple (Hall Coll.), very slightly reduced. 
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beds at Plaistow, near Sherwell. A few examples are also in the 
Sedewick Museum, Cambridge. 

The figured specimen measures 21 cm. in length and 6°5 cm. in 
breadth. It is now known that Kvnorria is the cast of the inner 
surface of the outer cortex of a Paleozoic Lycopodiaceous stem. 
It is not however possible to identify the genus (e.g. Bothroden- 
dron, Lepidodendron, etc.) from such specimens, and there is 
perhaps little to be gained by distinguishing species of Knorria. 
We are not aware that precisely similar specimens have been 
already described from Devonian rocks, but these fossils are very 
common in Lower Carboniferous sediments in various parts of the 
world. Among these, Knorria imbricata, Sternb., and still more 
K. longifolia, Schimp.*, the latter from the Vosges, may be com- 
pared with the Devonshire specimens. 

It may be also mentioned here that although there are frag- 
ments of ridged casts in various collections, which recall portions 
of the internodes of Asterocalamites, we have not been able to 
satisfy ourselves that any real evidence of the occurrence of this 
genus.in Devonshire has as yet been found. It is a well-known 
fact that imperfect casts of Lycopods in the Knorria condition 
may be easily mistaken for pith casts of Asterocalamites. Many 
of the specimens described by Heer from the Devonian of Bear 
Island, and attributed by him to the latter genus, are in reality, as 
Nathorst has shown, to be referred to Bothrodendron. 


? Cordaites sp. 
Plate V, fig. 5. 


In the Townsend Hall collection in the Atheneum, Barnstaple, 
there is a fragment of a small leaf-like impression with parallel 
longitudinal striz. This is figured on Plate V, fig. 5, and to some 
degree it recalls the more slender Cordaitean Jeaves of the Carboni- 

ferous rocks. The specimen was derived from the Marwood beds 
at Plaistow. It measures however only 2:2 cm. in length and 7 mm. 
across, and is thus too fragmentary to be regarded as satisfactory 
| evidence of the occurrence of Cordaites in the Devonian of North 
Devon. 

This is the most satisfactory specimen which we have seen 
from this locality. Among other fragments, more obscure and 
indistinct, there is one from Plaistow (Plate V, fig. 7) in the 
Valpy collection (V. 10682) British Museum (Nat. Hist.) which 
has some resemblance to a cone and to a Lepidostrobus, but which 
is in reality too imperfect to merit description or determination. 


* Schimper, Terr. Trans. Vosges, 1862, pl. x1v. upper fig. ete. 
VOL, XVIII. PT. III, 8 
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Obscure Axes. 


In addition to the dichotomously branched axes of Xenotheca, 
several specimens of naked axes, laterally branched, have been 
obtained at Baggy Point. There is also at least one example of 
a cymosely branched type, somewhat recalling Hostimella from the » 
Devonian of Bohemia, but this is too fragmentary to allow of any 
real comparison with that genus. The affinities of these axes 
remain wholly obscure. t 


Conclusions. 


With the exception of the obscure plant remain described 
from the Lynton beds, all the other determinations here recorded 
relate to terrestrial plants from the Baggy or Cucullcea beds of 
the Upper Devonian of North Devon. These are: 


Sphenopteridium rigidum (Ludw). 
Sphenopteris sp. 

Xenotheca devonica gen. et spec. nov, 
Telangium sp. 

Knorria sp. 

Cordaites ? sp. 


We can find no evidence of the occurrence of Archcwopteris 
hibernica (Forbes) in Devonshire; and so far as we are aware the 
only valid determinations among previous records are included in 
the above list. 

Though the number of records is small, these-specimens are of 
particular interest as being the oldest (in a geological sense) 
terrestrial plants known from England. The occurrence of a 
cupulate organ, Xenotheca, which is probably the first to be 
demonstrated in rocks of Devonian age, is of importance as tending 
to confirm the conclusion that the Pteridosperms were an important 
group even at this early period. 

On the vexed question as to whether the higher part of the 
so-called Devonian sequence in North Devon, to which these 
specimens belong, should not be referred to the Lower Carboni-. 
ferous, the known flora of the beds in question sheds hardly any 
light. There are in the first place good grounds for the belief that 
the Lower Carboniferous flora is very closely related, and in many 
respects similar to that of the Upper Devonian, and supposing 
that the Baggy beds really are of Devonian age, as they may well 
be, the specimens described here tend to confirm this conclusion. 
We should at any rate not expect to find in Devonshire, in the 
higher beds of the Devonian, a tora markedly dissimilar from that 
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of the British Lower Carboniferous rocks elsewhere, nor indeed is 
this the case. 

___ Of the two species described here, one is a new type and the 
_ other is a plant only known from the Devonian. The other genera 
recorded and the particular types themselves are similar to those 


occurring in the Lower Carboniferous. On the other hand there 
is no plant represented which is particularly characteristic of the 
Lower Carboniferous. We therefore conclude that on the whole 
| this flora is probably of Devonian age, or at least that there is no 
evidence to be gained from the specimens described here which is 
7 contrary to this view. 


EXPLANATION OF PLATES. 


Puate IV. 


Fig. 1. Xenotheca devonica gen. et spec. nov. Two thecae terminating 

) a dichotomous axis. These thec bear large scars. From Croyde Hoe, 
Baggy Point, N. Devon. Baggy Beds. No. 103, Brit. Devonian Plant 
Coll. Sedg. Mus. Camb. x3. 


Fig. 2. Xenotheca devonica, the same specimen as fig. 1.. Nat. size. 


Fig. 3. Xenotheca devonica? Probably a badly preserved theca. From the 
same locality and No. 91 in the same collection. x3. 


Fig. 4. Scars on the thecz seen in figs. 1 and 3, enlarged. x8. 


Fig. 5. Xenotheca devonica. A theca. From the same locality and No. 92 
in the same collection. Nat. size. 


Fig. 6. Xenotheca devonica. A well preserved theca. From the same 
locality and No. 96 in the same collection. x 3. 


Fig. 7. Xenotheca devonica. A theca in which the teeth are well preserved. 
From the same locality and No. 106 in the same collection. x 3. 


Fig. 8. Telangium sp. A tuft of sporangia. From the same locality and 
No. 129 in the same collection. Nat. size. 


Fig. 9. Telangium sp. Tufts of sporangia. From the same locality and 
No. 122 in the same collection. x 3. 


Fig. 10. Xenotheca devonica. A habit specimen showing the dichotomous 
branches ending in badly preserved thece. From the same locality and 
No. 106 in the same collection. Nat. size. 


Fig. 11. Xenotheca devonica, the same specimen as fig. 7. Nat. size. 


Fig. 12. Sphenopteridium rigidum (Ludw.). Fragment of a pinnule showing 
traces of the nervation, From the same locality and No. 116 in the same 
collection. x 3. 
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Puate V. 


Fig. 1. Sphenopteridiwm rigidum (Ludw.). From Sloly Quarry, Barnstaple. 
V. 3562, British Museum (Nat. Hist.), Hall Coll. Very slightly reduced. | 


Fig. 2. Sphenopteris sp. from Croyde Hoe, Baggy Point, North Devon. 
Baggy Beds. No. 109, Brit. Devonian Plant Coll. Sedg.Mus. Camb. x3. | 


| 
Fig. 3. Sphenopteridium rigidum (Ludw.). Lobes of a pinnule enlarged. | 
From the same locality and No. 113 in the same collection as fig. 2. x3. | 

| 

| 

| 


Fig. 4. Sphenopteris sp. From the same locality and No. 110 in the same | 
collection as fig. 2. x4. 


Fig. 5. Cordaites? sp. from the Marwood beds at Plaistow, North Devon, 
Hall Coll. Atheneum Museum, Barnstaple. x 2. 


Fig. 6. Sphenopteridium rigidum (Ludw.). Enlarged pinnules. From the | 
same locality and No. 117 in the same collection as fig. 2. x 12. 


Fig. 7. Obscure cone from the Marwood beds at Plaistow, North Devon. | 
V. 10682, British Museum (Nat. Hist.), Valpy Coll. Nat. size. 
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On some new and rare Jurassic plants from Yorkshire: The 
male flower of Williamsonia gigas (Lind. and Hutt.). By 
H. HamsHaw Tuomas, M.A., Fellow of Downing College, Curator 
of the Botanical Museum, Cambridge. 


[Plate VI] 
[Read 22 February 1915.] 


Recent years have seen considerable additions to our know- 
ledge of the reproduction structures (often called ‘ flowers’) of the 
_ Williamsonaia section of the Bennettitales, but several points still 
require elucidation, even in the case of Walliamsonia gigas which 
was the first to be discovered and described. The classic work of 
Williamson* published in 1870 gave an account of the female 
strobilus, and the beautiful specimens on which the paper was 
based are now in the possession of Prof. Seward and have been 
therefore specially accessible for study. More recently Prof. 
Lignier, working from the specimens in the Yates collection in 
the Museum of Natural History at Paris, reinvestigated this 
species} and added much to our knowledge and to the correlation 
with other Bennettitalean flowers. The male sporophylls, however, 
remained unknown, Lignier acknowledging that we had no 
information as to their form or positiont. In 1909, Prof. 
Nathorst§ described some male Williamsonian flowers from 
Whitby, which were found as isolated carbonaceous impressions 
and which he called Wallaamsonia spectabilis; subsequently he 
also described several other species from the same district]. All 
these forms were cup-shaped structures composed of partially 
united microsporophylls, bearing synangia from which the remains 
of pollen-grains could be extracted; they were probably unisexual 
‘flowers. Other observations have since been made, and I have 
collected a number of specimens of various forms{, but the 
question as to the male structures in W. gigas still remains to 
be answered. 

Wieland has maintained that one of the specimens figured by 
Lignier as the cast of the apical part of an ovulate strobilus is 


* «Contributions towards the History of Zamia gigas, Lind. and Hutt.” 
Trans. Linn. Soc. Vol. xxvi. p. 663, 1870. k 

+ ‘Le fruit du Williamsonia gigas Carr. ete.” Mém. Soc. Linn. de Normandie, 
T. xxr. p. 19, 1903. 

+ idem, p. 43. 

§ ‘‘Palaéobotanische,” Mitteilungen 8. K. Vet. Akad. Hand. Bd. 45. Stockholm, 
1909. 
|| ‘* Palaobotanische,”’ Mitteilungen 9, K. Vet. Akad. Hand. Bd. 46. Stockholm, 


1911. 
4{ ‘* Fossil flora of Cleveland district.” Q.J.G.S. Vol. uxtx. p. 230, 1913. 
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really the apical part of a bud in which the ovulate structures 
were surrounded by closely packed microsporophylls on which the 
remains of microsporangia could be seen*. Examination of this 
specimen and comparison with other examples of the same 
type, leave no doubt as to the correctness of Lignier’s inter- 
pretation. 

But while discussion and speculation were proceeding about 
these forms, a specimen in the Yates collection in the Paris 
museum remained unnoticed, although it presented the cast of an” 
indubitable male flower, and probably belonged to the species 


ace 


a 


Text-fig. 1. A. Diagrammatic drawing of specimen showing position of the 
synangia at S and higher parts of the sporophylls. B. Drawing of a single 
synangium. x6. 


under discussion. While working in Paris in July, 1914, I was 
enabled by the kindness of Dr Pelourde to examine carefully the 
specimens in the Yates collection and there found this flower, 
which is figured on Pl]. VI and described below. 

The specimen was unlabelled, but consisted of a piece of red 
ironstone in which the plant appeared as a mould or cast; some of 


the original] tissues are left as faint carbonaceous markings which 


are associated with patches of white Scarbroite, and the example 
undoubtedly originated from the cliffs of Runswick or Hawsker 


* American Fossil Cycads, Washington, 1906, p. 152, and ‘‘The Williamsonian 
Tribe,” Amer. Journ. Sci. Vol. xxxtt. p. 463, 1911. 
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inthe neighbourhood of Whitby, from which all the other examples! 
of W. gigas have been obtained. 

One side of the specimen shows a basin or urn-shaped form, 

while above this, in the irregular part of the matrix, the remains 
| of synangia are seen (cf. text-fig. 1 A). 
The ‘flower’ seems then to have been composed of 18-20 micro- 
_sporophylls, each 7-8 mm. wide, united to form a cup-like structure 
5-6ems. wide. The base of the cup has been irregularly broken 
away, but tapered considerably, perhaps to a stalk no more than 
1 em. wide. Down the centre of each sporophyil forming the 
cup, was a series of closely approximated conspicuous depres- 
sions, elliptical or reniform in shape; they sometimes appear 
to le in a groove and give the flower a very characteristic 
appearance. As we cannot be quite sure whether the example 
now seen is a mould of the inner surface of the original flower, it 
is somewhat difficult to arrive at an interpretation of these 
structures, but they are probably to be compared with the de- 
pressions figured by Prof. Nathorst in W. whitbiensis as corre- 
sponding to rudimentary synangia; in the present case however, 
only a single row of these depressions is seen. 

The shape of the cup formed by the united sporophylls calls 
for some notice. It is considerably different from the forms 
already described and may be made out from Pl. VI, fig. 1 and 
from the text-fig. 2. The sporophylls spread outwards from the 
base, but then curve round inwards as they continue, curving 
outwards again as they become free; in this way a very 
characteristic ridge is formed which runs round the periphery 
of the cup. 

The upper parts of the sporophylls are not so clearly seen. 
In most cases the free portions have been broken away, but in 
the view shown in text-fig. 2, part of a sporophyll seems to con- 
tinue upwards for about 2-3 cms., and there are indications that 
branches were given off in this region which projected inwards 
towards the centre of the flower. If this were really the case, 
the flower must have shown considerable similarity to that of 
W. spectabilis Nath.* It is impossible to determine how the 
synangia were produced, though the remains of many of these 
structures are seen in the matrix. Their irregular position in the 
rock supports the conclusion that they were formed in the 
manner seen in W. spectabilis rather than as in W. whathiensis. 
The best preserved synangia show the usual reniform shape, 
text-fig. 1B, and a large number of fine striations traversing 
them. All traces of their original substance have disappeared, 


* Cf. my restoration, text-fig. 2, Q.J.G@.S. 1913, p. 231, and Nathorst’s in 
‘*Die Microsporophylle von Williamsonia” Arkiv. for Botanik, Bd. 12, No. 6, 
p. 7, 1912. 
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but the fine grain of the ironstone matrix has retained their — 


external form very clearly. 

In assigning this flower to its systematic position we may first 
notice that it agrees closely with the Williamsonian male flowers — 
previously known, and there can be little or no doubt about its 


generic position. As to its specific name, there is no direct 


evidence, but we have the following considerations : 

(a) The specimen comes from a bed in which stems, leaves 
and female flowers of Williamsonia gigas occur frequently, and 
from which other species of Williamsonia are practically absent. 


| 


(b) It is to be expected that the male flowers would occur in close — 


proximity to female flowers, stems and leaves of the same species. 
(c) The flower here described differs specifically from other species 
of the genus which are found in the same neighbourhood; four 


Text-fig.2. Diagrammatic drawing of the specimen from the side seen in PI. VI, 
fig. 1. The lower part of the united sporophylls and indications of the upper 
portion of a single one are shown. 


other species of male flowers and three or four species of female 
strobili have now been found in the Lower and Middle Estuarine 
Shales. There is therefore a very strong presumption that the 
present flower belonged to the plants of Williamsonia gigas 
(L. and H.), unless strong evidence to the contrary should be 
forthcoming. 

Little can be said as to the position and mode of growth of 
this structure. Its homologies with W. spectabilis are clear, and 
it, no doubt, had the same position and origin as seen in that form. 
There are three alternative views as to the original position of 
these male flowers. One view would regard them as originating 
in a bisexual flower of the same type as that of Cycadeoidea 
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| ingens with the male sporophylls borne below the female strobilus. 


This may be regarded as the normal type of bisexual structure in 
the Bennettitales, but I do not consider the present specimen as 
conforming to it. 

In some specimens of the female flowers of W. gigas we see 
the female strobili still attached to the peduncle and surrounded 
by many overlapping bracts, without any trace of our cup-shaped 
microsporophylls. Had such a structure been originally present 
it must have become loosened from the axis and slipped over the 
ovuliferous portion, becoming free and independent without 
breaking up. But there are no signs that the bases of these 
eup-like united microsporophylls separated or broke up to allow 
them to slip over the female strobilus. If the analogy with W. 
spectabilis is at all complete, our male flower would have possessed 
a somewhat narrow stalk and the type of origin just suggested 
would be impossible. 

Moreover the curious urn-shape of the cup suggests a structure 
which was freely exposed during its development and not en- 
closed by ensheathing bracts in the circular buds so well known 
in this species. There are in the matrix of our specimen no 
traces of bract-like structures, and had any number of them been 
originally present, the longitudinal section through the male 
flower would have probably presented a more or less circular 
form. 

The second view of the possible origin of the microsporophylls 
would see them as arising above the ovulate portion of the flower 
and in the position in which Lignier has placed his ‘appendice 
infundibuliforme.’ There are however serious objections to this view. 
In the first place the bisexual Bennettitalean flowers already known, 
1e. Cycadeoidea, Wirelandiella and Williamsomella, all have their 
microsporophylls below the megasporophylls, and no specimens are 
known in which the microsporophylls were produced in the superior 
position. In the second place the evidence for the existence of 
such a structure as Lignier’s infundibuliforme appendage is very 
meagre, and I have myself seen no specimen which shows any 
trace of such a structure. ‘lhe apex of the strobilar axis without 
such an appendage may be closely compared with that of the new 
Walliamsoniella and also with an undescribed species of William- 
sonia in my collection. Another objection which may be tentatively 
advanced, is that a flower of Williamsonia, with the male disc 
attached above the seed zone, would be a very top-heavy and 
rather uneconomical form. 

The third view of the origin of the structure here described is 
that it was a separate ‘flower’ produced on its own stalk, and 
independent of the female strobilus. The unisexual theory of the 
flowers fits in much better with the known facts than the other 
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theories and involves fewer assumptions than do the contrary | 
views. These unisexual flowers may have originated from bisexual | 


flowers, and the form Wielandiella which has been described by 


Prof. Nathorst* doubtless indicates a stage in reduction of a 


completely bisexual flower to one in which the ovulate portion 
only was fully developed, the microsporophylls being very much 
reduced and delayed in development. I therefore regard the 
structure which has been described above as an independent male 
flower of Walliamsonia gigas (L. and H.). 


In conclusion I must express my best thanks to Dr Pelourde of 
the Paris Museum for his kindness in enabling me to study and — 


photograph the specimen, and to Prof. Seward to whose encourage- 
ment the appearance of this note is due. 


DESCRIPTION OF FIGURES. 
Puate VI. 


Fig. 1. Specimen of male flower of W. gigas in the Yates collection, 
Natural History Museum, Paris. Photographed from one side showing 
basal part of united sporophylls, and on the right ue above, the 
region in which the synangia were borne, cf. text-fig. 

Fig. 2. Photograph of the same specimen from below, ae circular 
outline of cup. The base is not distinctly seen, but the sporophylls 


each with a central row of large depressions are seen on the left 
side. 


* « Palaobotanische,” Mitteilungen 8. ibid. 
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Williamsonia gigas (Lind. and Hutt.). 
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Calculation of the electrical resistance of a certain network 
of conductors. By G. F. C. Searuez, Sc.D., F.R.S., University 


Lecturer in Experimental Physics, Fellow of Peterhouse. 
[Read 8 February 1915.] 


§1. The system of conductors is thus described in a question 
set in the Mathematical Tripos, Part I, 1914: 

“Two uniform cables A,A,..., B)B,... are divided into parts 
A,A,, A, Az,..., B,B,, B,B,,..., each of resistance r, and wires, 
each of resistance s, are used to join An etO) Di Als. GOoBax. ees 
When the cables are joined by the n wires ‘A iB, A, a cae ALB 
the resistance of the system from A, to B, is Ry. 


Ag 


—_—_=— —_ — — = 


Bo 


Fig. 1. 


Fig. 1 shows the system when n= 3. 

In order to obtain the value of R, as a function of n it is 
necessary to obtain a formula of reduction by which RF, is found 
in terms of R,_,. The necessary electrical equation is very easily 
found, if it is noted that the resistance between A, and B, when the 
cables are connected only by the n—1 wires A,B,, A;B;,... AnBr 
is equal to h,,. Then R, is the resistance between A, and B, 
in the system shown in Fig. 2, where A, and B, are joined by the 


Ao Ay 
rT 
Rn-1 
T 
Bo By 
Fig. 2. 


two conductors s and #,_, “in parallel.’ Hence we find, what 
candidates were asked to prove, that 
shy 


R, =2r+ Sane Bdge vee unease ceria Ly) 
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The method employed in obtaining the value of R, as a function 
of m is indicated by Bromwich (Infinite Series, p. 21, Example 26). 
We have, from (1), | 


Ryna(2r+s—2)+s(2r—2) 


R,-“2#= 


s+ Rr 
Mie (Ryra— 2) (2r+8—2) — (a —2re— 2rs) Ae 
s+ hy. 
The second term in the numerator vanishes if 
oe —(2re — 2rs =, . 2.0 eekeen eee (3) 
or if g=rtVP+%esaertt. «002 ol Oeeee eee EE (4) 


Since there are two values of « satisfying the condition (3), we 
obtain the two equations 


Cie Ger 


Rn-1r-t= ae fa) 
Roi-—r+t)\r+s+t 
Ryn ae ds ne 
Putting perts+t, g=r+s—t, eee (7) 
so that r+Lti=p—s, r—t = — Ss) soe (8) 
we obtain from (5) and (6) 

eee (9) 

R,ts—¢ Re he.9 0) 


This is the required formula of reduction. Since R,=2r+s, we 
obtain by successive applications of (9) 


Rnrts Be ie 2r 4+ 2s —p (ay a (2) (10) 


Rnt+ts—q 2r+2s—q\p p 
Solving (10) for R,,, we have 
+1 _ _nt+l1 
Ria! 2 3, (11) 
El 


which is the complete solution of the problem. 
§ 2. We can write (11) in the form 


JB es 8. os setlyeeee Sereeeeee 
1— (g/p) 
Since p>q, it follows that (q/p)” vanishes when n becomes 
infinite. Hence, if R. be the resistance between A, and B, when 
the number of connecting wires between the cables is infinite, 


Ro =p—sS=rtt=r4Vr4 Irs. ic... (13) 
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This last result could have been obtained at once from (1). 
For &, is always greater than 2r though less than 2r+s when 

n>1, and &, diminishes as n increases. Hence R, has a limit 
_R., when n becomes infinite. . Putting R, = R, and R,,=R,, m 
(1), we have 


aie 
gab IR. 
‘Since &,, is essentially positive, this quadratic gives 
R,=r+vr + 2rs, 
which is identical with (138). 
§3. Mr J. M. Dodds, Fellow of Peterhouse, has kindly drawn 


my attention to the advantages of the use of hyperbolic functions 
in this problem. Since 


sinh (n + 1) 8+ sinh (n — 1) @= 2 cosh @ sinh n@ 
and sinh 29 = 2 sinh @ cosh 0, 
we have 


Reo = 2rt+ 


sinh(n+1)6@  sinh20  sinh(n—1)0 


sinhn@  sinhO sinhn@ ° 7" sy) 

Now, since A, = 2r +s, (1) can be written 
3? 2 
Ky, + s = 27 san imines ANS So araegr ae 

i tS S 8 

or er Re (15) 

Comparing (15) with (14) we see that, if 0 be suitably chosen, 
_ _sinh(n+1)@ 
tS snhnQ 7 es (16) 


When n=1, this gives, since R,=2r+s, 
cosh 0=(r+s)/s. 


Since es aaa 
we have = cosh @ + sinh @=*(r-+8 +1) = f 

u q 
and gis cosh @— sinh’ @ = —(r+s—t)=—. 
Hence 


SU DES ie Cue 


ies —s 


sinh n@ en) — ene p-g” ) 
which agrees with (11). 
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-,§4. The currents in the cables and in the wires can now be 
easily found. Let the EMF. applied between A, and B, be 4, let 
the current along A,A, be a, and that along Ajm_,Am be %m. Let 
the current in the wire A,,B,, be y». Since the resistance of the 
system beyond A,B, 1s Rpm, we have 


SY = Din —i@aeris os eee (17) 
The “continuity ” of the current gives 
Lin lim: = Yi, ais one ee (18) 
From (17) and (18) we have, by (16), : 
eas _sinh(n—m+1)@ 
Din atk owe ll a Tsinh(n—m)0_ m-+1° 
Hence 
eUm+1 bri Lm, bed a ual 
sinh(n—m)@ sinh{n—(m—1)}@ ~~ sinhn@’ 
E _ _Sualn(@—mesp ye) 
so that GBrye ‘sinhind £y. 2 eee (19) 


But #,= £/R,, and hence, by (19) and (16), 
sinh (n —m+1)60 E 
“m= smh (n+1)0—sinh n° 8° 
Since 2 sinh? $0 = cosh @—1=r/s, we have 
f _sinh(n—m+1)0 £ 
- cosh(n+4)0 °V/2rs° 
Since, by (18), Ym =%m— mii, we have 
= ee {sinh (n — m + 1) @—sinh (nm — m) a 
2E cosh (n—m+4)@sinh $6 - 
Tre. cosh (n+ +) 0 <a 
_-cosh(n—m+4)@ E 
cosh(n+4)0 s— 


Um 


| 
! 
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The determination of the focal length of a thick mirror. By 
G. F. C. Searwe, Sc.D., F.R.S., University Lecturer in Experi- 
mental Physics, Fellow ‘of Peterhouse. 


[Read 8 February 1915.] 


§1. Introduction. The experiments described in the following 
paper bear the same relation to those made upon an ideal spherical 
mirror as the measurement of the focal length of a thick lens or 
of a lens system bears to the measurement of the focal length of 
an ideal thin lens. They thus form a useful introduction to 
experimental work with lens systems. 

The properties of mirror systems are simpler than those of 
lens systems, since a lens has two foci, two principal points and 
two nodal points, while a mirror has only one focus, one principal 
point and one nodal point, the latter being what is called the 
“centre” of the mirror system in § 4. 

The first method (§ 5) was introduced into my practical class 
at the Cavendish Laboratory in 1908; the other two methods 
(§§ 7, 9) were devised after the paper was “read.” 


§ 2. Jdeal mirror. When a concave spherical mirror is 
formed of metal or of polished silver deposited on the front 
surface of a spherical surface of glass, the reflexion takes place 
at the surface. If wu and v be the distances of an object point 
P and its image @ from the vertex, i. the point in which the 
surface of the mirror is cut by the straight line through the two 
points, 


where the constant / is called the focal length of the mirror. 
Here w and v are counted positive when P and Q are on the 
same side of the vertex as the centre of the spherical surface. If 
we make w infinite, then v =f, so that f is the distance from the 
vertex to the point to which parallel incident rays are reflected to 
a focus. 

If we put w=0 in (1), we find v=0, and thus the vertex is 
a self-conjugate point. 

If we put w= 2, we find that v = 27; and thus 


U=v=2F 


gives a second self-conjugate point. Hence, if we place an object 
point in such a position (not in contact with the mirror) that it 
coincides with its own image, the distance of the point from the 
mirror is 2f. 
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It is clear that the point is in this case at the centre of the 
spherical surface, and hence, if r be the radius of the sphere, 


r=U=v=2f. 


There is an important distinction between the two self-con- | 
jugate points, for at the pomt where w=v=0, the image of a | 


finite object is erect, but at the point where u=v = 2f, the image 
is wnverted. . 


>) 


§3. “Thick” mirrors. Many mirrors are formed of glass 
silvered at the back, the glass having two spherical surfaces which 
are generally not concentric. Although the front (unsilvered) 


surface acts as a spherical mirror, the images formed by it are 


very weak compared with those which are formed by two refrac- 
tions at the front surface and one reflexion at the silvered surface. 
The more general system is described in § 4. 

We see at once that we must not expect a thick mirror to 


act exactly as if the front surface of the glass were silvered and 


polished. Yet we can show that the positions of image and object 
are related in the same way as if the glass mirror were replaced 
by an ideal spherical mirror of appropriate radius placed in the 
proper position relative to the front surface of the actual system, 
under tke limitation that any object point is very close to the 
axis of the system and that the rays make only infinitesimal 
angles with that axis. 


_ §4. Theory of the thick mirror. The mirror may consist of a 
piece of glass bounded by two spherical surfaces and silvered at 
the back, or it may be a more complicated arrangement consisting 
of any number of thick or thin lenses arranged along an axis, the 
reflexion taking place at a plane or spherical silvered surface 
situated behind the last of the lenses. 

In Fig. 1, AC is the axis of the spherical surfaces. Let P’X 
be an incident ray parallel to the axis. When this ray emerges 


Fig. 1. 


from the system after suffering reflexion at the silvered surface 


M, it will not,in general, be parallel to the axis. It will, therefore, — 


intersect the incident ray in some point X and will cut the axis 
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in some point /. Draw a plane XH at right angles to the axis, 
cutting the axisin H. ‘Then, if we reverse the ray #X, we have 
the two incident rays P’X and FX giving rise to the emergent 
rays AF and XP’, and thus X is its own image. From the 
general properties of refractions and reflexions at spherical surfaces, 
it follows that every point near H in the plane XH coincides with 
its own image or, in other words, is self-conjugate. 

The point conjugate to / is at infinity, since the ray XP’ is 
parallel to the axis, and hence every ray which passes through F’ 
on incidence and makes a small angle with the axis is parallel to 
the axis on emergence. 

The point F' 1s called the Focus of the system and # is called 
the Principal or Unit Point. The plane HX is called the Principal 
or Unit Plane of the system. 

We can now find the image of the point P’. Let the incident 
ray P’F cut the principal plane in Y. Since Y coincides with its 
own image, the emergent ray passes through Y. This ray YQ’ is 
parallel to the axis, since the incident ray P’FY passed through 
the focus F. The image of P’ is therefore at Q’ where XF’ and 
YQ’ intersect. 

If P and Q be the feet of the perpendiculars from P’ and Q’ 
upon the axis, then P and Q are conjugate points. 

Let wu and v be the distances of P and @ from the principal 
plane; let HF =f and let wu, v and f be counted positive when in 
each case a point moving in the direction of the normal drawn from 
M reaches H before it reaches P, Q and F' respectively. Then 


fe lif SE 


oe Laos 
Hence, by addition, _ =1, 
Teel, Yili 
or x ap a Tih Peaster ietoverscecelnieisi ois Tavete’ tratovelare, os (2) 


Comparing (2) with (1), we see that the mirror system may be 
replaced by an ideal spherical mirror of focal length /, if the 
reflecting surface of the latter intersects the axis at right angles 
in H, We shall show presently how / and the position of H may 
be found by experiment. 

If we put w= 2/, we find from (2) that 


OHVs 2 


and thus the object point P and its image Q coincide. If C 
(Fig. 1) be the corresponding point, then the focus F is midway 
between C and H. 
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There are thus two points on the axis which are self-conj ugate, 
viz. H and C, and if we were to use merely a point as an object 
we could not determine by experiment which of the two points | 
was H and which was C. But the image of a finite object in the 
transverse plane through C lies in that plane and is inverted. 
This follows from the fact that, if the transverse plane through 0 
cut P’X in D and XF in D’, D and D’ are on opposite sides of C. 
Since HF'= FC and since XD is parallel to the axis, CD’ = CD. 

The point C corresponds to the centre of the ideal spherical 
mirror and may be spoken of as the centre of the optical system. 

On the other hand the image of an object in the principal | 
plane HX is erect*. 

Since CF =f, the focal length could be found by measuring | 
CF. The point C is easily found by adjusting a pin so that its tip | 
coincides with the tip of its own inverted image, and the point 
F could be found by means of a small screen of ground glass, 
for distant objects will be focused at #'; illumination troubles — 
would, however, make this plan difficult. 

Since the position of the centre C can be readily determined, 
we shall transform (2) so that we can use C as an origin of 
measurement. Let p and q be the distances of P and Q from C, 
and let p and q be positive when P and Q lie on the same side of — 


Cas Ff. Then 
u=2f—p, v=2f—¢q. 

1 1 1 

Hence, by (2), ~—_ + => — =a. 

Ee) Y—p* fg F 

This equation leads to 
1 ee te lee 
ee Oe I 6 ois so Soc ac < 3 
Denon a ®) 


Thus, if we find two conjugate points P and Q and measure their 
distances from the centre C, we can find f, The positions of F and 
H follow at once, since CF =f and CH = 2f. 


§ 5. Gauss’s method. The following method of finding f may — 
be called Gauss’s method, as it corresponds for mirrors to Gauss’s 
method of finding the focal length of lenses. The centre C (Fig. 1) 
is found by adjusting a pin so that its tip coincides with the tip 


* Mr R. E. Baynes has pointed out to me that, in the case of any general 
mirror system, the vertex M (Fig. 1) of the reflecting surface and the centre of — 
curvature of that surface are the images of H and C respectively formed by the — 
lens system in front of WM in the medium in contact with M. 3 

t If a telescope with cross-wires or a goniometer (§ 9) is available, the position — 
of the focal plane is easily found. The instrument is first focused for infinity and 
is then turned to view the image of an object seen by reflexion in the mirror 
system. A grain of lycopodium on that face of a glass plate which is turned 
towards the mirror would serve excellently. The object is adjusted so that an 
image of it is focused (without parallax) upon the cross-wire of the telescope or 
goniometer. i 
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_ of its own inverted image; the coincidence is tested by the parallax 


method, a magnifying lens being used. For accurate work the 
pin should be sharp and should be firmly supported. The distance 
of the pin’s tip from the vertex A is then measured. An ad- 
justable distance piece may be used or a short rod of known 
length may be attached to a steel scale so that its axis coincides 


with one edge of the scale. The ends of the rod should be rounded. 


_ We could, of course, use any point P and its conjugate Q to give 


us a value of f through (3), but it is convenient to take the vertex 
A (Fig. 1), im which the axis cuts the first surface, as one con- 
jugate point. Some grains of lycopodium are placed on the 
surface; let one grain be at A. The system will form an image 


of this grain at some point B. The distance AB is measured 


by a microscope attached to a sliding carriage (Fig. 2), the axis 
of the microscope being parallel to the direction of motion of the 
carriage. A vertical steel rod is fitted to the carriage and the 


“microscope is attached to the rod by a suitable clamp; Pye’s 


“Tdeal” clamp is convenient. The microscope is first focused 


on A and the caryiage is then moved until B, the image of A, is 


seen sharply in focus through the microscope. The distance AB 
is equal to the distance through which the carriage has been 
moved. 
The microscope should be fitted with cross-wires or with 
a micrometer scale and the absence of parallax between the 
image of the lycopodium and the wire or scale is used as a test of 
correct adjustment. The distance between the object glass and 
the eyepiece of the microscope when B is observed must, of course, 
be the same as when A is observed. 
Care must be taken to distinguish between A and its image. 
This may be done by holding an object such as a pointed piece of 
paper against the surface and then viewing the image with both 


eyes open. ‘The binocular vision will at once decide whether B is 


in front of A or behind it. The one-eyed may hold a piece of 

paper in contact with the surface and may then focus the micro- 

scope on the surface of the paper. _ If the paper is large enough to 
9—2 
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prevent any view, through the microscope, of its image, the scale 
reading of the microscope carriage corresponds to A and not to B. 

The observations are facilitated by proper illumination of the 
grains. The best illumination is obtained if a strong beam of 
light is made to fall upon the grains in a direction nearly 
tangential to the surface of the mirror. 

Let AB=~2 and let « be positive when B lies in front of A. 
Then, if AC =p, we have BC = p — a, and thus, by (3), 


:5 = Lee (4) 
Hence | pte so Scscocccc >: (5) 


Thus f is nearly equal to 4p when a/p is small. ; 
If the distance of H from A be h, and if h be counted positive 
when H lies in front of A, we have 


h=p-2f= oe age (6) 


Thus h is nearly equal to 4 when a/p is small. 


§ 6. Practical example. The following results were obtained 
In an experiment by Mr Heath upon an ordinary glass concave 
mirror silvered at the back. 


Distance of centre ( from vertex A, 19°70, 19°65, 19°65 em. 

Hence p=19-67 cm. 

Reading of carriage when microscope is focused on lycopodium at A; 
1-27, 126 cm. Mean reading 1-265 cm. 

Reading of carriage when microscope is focused on image of A, 0°32, 
0°31, 0°30 cm. Mean reading 0°310 cm. 

The image of A was behind A. Hence 

#= — (1265 — 0°310) = — 0-955 em. 
Then, by (5), 
_ p(p—#) 19-67 x 20-625 
Des 29-2 40-295 


To find the position of the principal point H relative to the vertex A, we 
have, by. (6), 


= 10:07 cm. 


IB USOT OOD 
Leona 7 0°47 cm. 
Hence the optical system is equivalent to an ideal concave mirror of focal 
length. 10-07 cm. or of radius 20-14 cm, placed with its reflecting surface 
0°47 cm. behind the front surface of the glass mirror, 


§ 7. The micrometer method. This method corresponds to the 
micrometer method of measuring the focal length of a lens system, 
a method recommended by Mr T. H. Blakesley *. 


* Geometrical Optics, p. 91. 
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Let K (Fig. 3) be a point on the front surface of the mirror near 
the vertex A. Let PK cut the principal plane HZin Z. Then, since 
the ray FZ passes through the focus /’, the corresponding emergent 
ray is parallel to the axis and, since Z is its own image, this 
emergent ray passes through Z. Hence the emergent ray is ZP, 
where ZP is parallel to the axis AF. Since the incident ray FK 
passes through K, the emergent ray ZP passes through the image 
of K, i.e. the image of K lies somewhere on ZP. Hence, an object 
AK of height a in contact with the surface AK has its image of 
height 6, where b= HZ. Since CA=p and CF=f, we have 
AF=p-—f, and thus 


GQ AW pai 
BTA i 
b 
Hence lire rate GOODDOHODUNCSOCOOOOOGNOG000 (7) 


In this method we are not concerned with the position of the 
image of K, but this image is at the point in which CK cuts ZP, 
since the incident ray CK becomes the emergent ray KC. 


Fig. 3. 


The measurements may be made by means of a microscope 
having a micrometer scale. The eyepiece is first adjusted so that 
the micrometer divisions are clearly seen. The two points A, K 
may be represented by two grains of lycopodium or by the vertices 
of two small cleanly cut triangles of tinfoil. If the surface of the 
mirror be breathed upon, the tinfoil will adhere to it. If the 
surface be convex, a glass scale may be used if it be placed with its 
divided face in contact with the vertex of the mirror system. 
Since the faces of the scale are parallel, the scale has no effect 
upon the number of micrometer divisions covered by either AK 
or its image. The microscope is then focused upon the two 
points so that there is no parallax between their images and the 
micrometer scale, and the reading of the micrometer scale is taken 
for each point. Let the difference of the readings be m. The 
microscope is then moved, without changing the distance between 
its object glass and eyepiece, so that it is focused upon the 
images of K and A, and the difference of micrometer scale 
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readings is again found; let this be ». Then, since a/b=m/n, 
we have, by (7), 


—m+n- 

The distance p = AC is found just as in § 5. 

It is not necessary that the microscope should be provided with 
a sliding carriage, but, if this 1s the case, the difference of the scale 
readings of the carriage will give the distance x which is required 
in Gauss’s method. If a glass scale is used to provide the points 
A and K, it will have no effect upon the value of a, since it 
displaces both K and its image through equal distances parallel to 
the axis. 


§8. Practical ecample. The following results were obtained 
by G. F. C. Searle using a system formed by a double-convex lens 
placed in front of a plane mirror. 


The lens was 1°2 cm. thick and was placed at about 2°8 cm. from the 
plane mirror which was formed of a piece of glass about 03 em. thick, 
silvered on the back. The focal length of the lens was about 20 cm. The 
plane mirror was not of very good quality and thus very accurate readings 
were impossible. A glass scale was used to provide the points to be observed. 
In the table m and correspond to 1 mm. on the glass scale. 


Glass scale seen directly Image of glass scale 
Scale readings Seale readings 
for 7 mm. ee for 4mm. 4n 
10-4 71:2 60'8 135 | 69:0 555 
12-05 le a3-0 61-0 180) was 55°7 
18:8 796 60:8 204 | 761 55-7 
20°7 81-6 60-9 300 | 85-0 550 


Mean value of 7m=60°88. Mean value of 42=55:48,. 

Hence m=8°70, n=13°87. 

Distance of centne C from vertex A, 20°16, 20-06, 20: 06, 20°02 cm. 
Hence p=20°08 cm. 


__ 13°87 x 20:08 
Mead lop Oh j/= = 93-57 12°34 cm 
By (6), h=p — 2f=20-08 — 24:68= — 4-60 cm, 


Hence the system is equivalent to an ideal concave mirror of focal length 
12°34 cm. placed with its surface 4°60 cm. behind the front Saehoae of the 
optical system. 
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The focal length was also measured by Gauss’s method. 
The mean value of # was found to be —11°61 cm. Then, by (5), 


_ p(p—2) _ 20-08 x 31-69 


i Spe = Bry ~ 1229 om. 
pe) 20038 x CEEGn) i 
By (6), ea rsares SETH = — 4:50 cm. 


§9. The goniometer method. This method is similar to the 
goniometer method for measuring the focal length of a lens 
system*. Let GF (Fig. 4) be an object of length s in the focal 


Fig. 4. 


plane. Then, if GZ, drawn parallel to the axis, cuts the principal 
plane HZ in Z, the incident ray GZ will give rise to the emergent 
ray ZF. If the angle ZF'H be @, then, for small] angles, 


6 = ZH/HF =s/f. 
Or Pee a eee (9) 


Since G is in the focal plane, all the rays starting from G which 
emerge from the system are, on emergence, parallel to ZF’; it is 
supposed, of course, that the aperture of the system is small 
enough to prevent aberration from being conspicuous. If these 
emergent rays are received by a goniometer, which has been 
focused for “infinity,” an image of G@ will be formed on the cross- 
wire of the goniometer, if the arm of the goniometer is properly 


* G. F. C. Searle, Proceedings of the Optical Convention, Vol. 11. 1912, p. 165. 
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directed. Thus, @ is the angle between the two positions of the 
arm in which (1) the image of F' and (2) the image of @ is focused | 
on the cross-wire. 

The goniometer devised by the author in conjunction with 
W. G. Pye and Co. is shown in Fig. 5*. 

The apparatus is arranged as in Fig. 6. The mirror system 
AWM is set up with its axis horizontal. A glass scale S is attached 
to a sliding carriage (Fig. 2), the direction of motion of the carriage 
being parallel to the axis of the mirror system. The divided face 
of the scale is turned towards the mirror and care is taken that 
the plane of this face is perpendicular to the axis of the system. 
The goniometer is then set with its axis coinciding with that of 


Fig. 6. 


the system and the scale S is adjusted by aid of the sliding carriage — 
so that the image of a nearly central dividing line is seen sharply 
focused (without parallax) upon the cross-wire of the goniometer. 
The end of the goniometer should be close to the scale S, care 
being taken that it is not so close that the arm comes into 
contact with the scale when it is turned about the pivot. The 
goniometer may, conveniently, be bolted to a table carried by 
a Compound Laboratory Stand (W. G. Pye and Co.). For accurate 
work the various pieces of apparatus must be firmly supported. 

The distance AF’ between the vertex A and the scale S, which 
has been set so that its divided face passes through Ff’, is measured 
by aid of an adjustable distance piece. Or the scale reading of the. 
carriage is taken and then the carriage is adjusted so that a rod 
of detinite length—10 or 20 cm.—touches A and F. From the 
two scale readings and the length of the rod, the distance AF is 
computed. 

The goniometer arm is then turned so that the cross-wire K 
is brought to coincidence with the images of a number of dividing 

* The instrument is described in my paper ‘‘Eixperiment on the harmonic 
motion of a rigid body” (Cambridge Phil. Soc. Proc. Vol. xvi. p. 31) and in the 


manual on Haperimental Harmonic Motion which it is hoped will be published 
in 1915. 


length of a thick mirror 125 


lines on S in turn, the interval between successive lines being 
constant, and the scale reading of the arm is taken in each case. 
From these readings the mean distance, d cm., on the goniometer 
scale corresponding to s cm. on the glass scale is found. The 
distance, / cm., from the centre of the pivot of the goniometer to 
ithe edge of the goniometer scale is also measured. Then, if ¢ be 
the angle corresponding to s cm. on the glass scale, 6 = d/l radians, 
for small angles. Then by (9), since 6 = 4, 


Pf B90 SSD SSCs voccreccogdosranvavee (10) 


The thickness of the scale S has no influence on the result. 
The rays emerging from the mirror system pass through S, but 
their directions are unchanged by the passage. 


§ 10. Practicai example. The following results were obtained 
by G. F. C. Searle using the same mirror system as was used by 
Mr Heath in § 6. 

Length of goniometer arm, i.e. distance from centre of pivot to edge of 
scale =/= 40-00 cm. 

When the glass scale was set in the focal plane, with its divided face 
turned towards the mirror system, the following readings were obtained : 


| | | 
(eRcadine: ot: | Reading of | Readtne ae | Reading of | Change of goniometer 
ieee Bek goniometer | laa eels goniometer | reading for 1 cm. on 
8 seale leet scale glass scale 
| | 
4:0 cm. 6°58 cm. | 5:0 cm. 10°59 cm. 4-01 
45 | 859 } 5) 12°59 4:00 | 
5:0 _ 10-59 | 6:0 14:60 | 4-01 


Mean 4:007 cm. 


Two other sets of observations, each with a fresh setting of the glass 
scale, gave the mean values 4:010 and 4030. Taking the general mean, 
d=4:016 cm. 

Hence, by (10), since s=1, 

f=sl/d=40/4:016=9:96 cm. 

Distance A/F’ of glass scale from vertex A=f+h=9°59 cm. 

Hence h=959 —9:96= — 0°37 cm. 

The values found by Mr Heath were f=10-07, h= —0°47 cm. 


§ 11. A special system. An interesting system may be formed 
by a convex lens and a plane mirror, the distance between the lens 
and mirror being greater than the focal length of the lens; the 
distance may be conveniently about twice the focal length. With 
this system the two real self-conjugate points, viz. the “centre” and 


9—5 
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the principal point, are both in front of the lens. The focus of the 


lens remote from the mirror is one point, and here an inverted — 


image is obtained. This point is therefore the “centre” of the 


; nite nO Sai 20 


system. The other point is that point which has for its conjugate — 


with respect to the lens the point where the axis of the system 
cuts the plane mirror. Here the image is erect. This point is 
therefore the principal point*. But, since the image is erect, it is 
hidden by the object when the adjustment is complete, and this 
furnishes a test of the adjustment. If a well-polished needle be 
used and a light from a flame be concentrated upon it by means 
of a large lens, a halo of coloured light will be seen round the pin, 
the colour being due to chromatic aberration and changing with 


the position of the pin. The light should fall as much as possible | 


on the back of the needle. 


Since the “centre” of the system is nearer to the lens than — 


the principal plane of the system, the system behaves like an 
ideal convew mirror. 


* Mr R. HE. Baynes has pointed out to me that the position of the principal 
plane of this system, or of any more general system, is independent of the curvature 
of the surface M (Fig. 1), at which the reflexion occurs, provided that the vertex of 
that surface is always in the same position. 
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On the Electrification given to the Air by a Steam Jet. By 
W. A. Douctas RupcE, M.A., St John’s College. 


[Received 30 March 1915] 


Many investigators from the days of Faraday and Armstrong 
have made observations on the electrification manifested during 
the escape of steam under high pressure and it is well known 
that an insulated body suitably placed in a current of steam does 
acquire a charge. Armstrong showed that the magnitude of the 
charge increased enormously with increase of pressure, and devised 
his Hydro-electric machine by which large quantities of electricity 
were produced. The sign of the charge given to conductors placed 
in the current of steam was usually positive but occasionally 
negative, and the magnitude of the charge seemed to be associated 
with the amount of disturbance present in the jet, for a quiet 
flow of steam was accompanied by a small charge and a noisy flow 
by a large one. 

The writer has shown* that when steam under pressure 
escapes, it gives to the air a strong charge which persists for 
some time after the condensation of the steam. ‘he experiments 
now to be described were made with the object of ascertaining 
the conditions under which a positive or a negative charge was 
given to the air, and also to find out whether the jet was uniformly 
charged. 

The apparatus employed consisted of a small spherical copper 
boiler 20 cm. diameter furnished with a pressure gauge to indicate 
pressures up to about one and a half atmospheres. A set of taps with 
nozzles of different sizes and materials allowed of the flow of steara 
being controlled. The jet could be projected in any direction, 
but the actual direction did not make an appreciable difference 
in the sign or magnitude of the charge when the observation was 
made in a room, but out of doors a vertical jet seemed to give the 
greatest charge. The boiler was heated by a gas burner or by an 
electrical arrangement, the latter being particularly useful when 
inflammable liquids were mixed with the water. The charge 
carried by the steam could be easily detected by arranging an 
insulated conductor in the path of the steam, whilst that given up 
to the air was indicated by a small radium coated collecting plate 
attached to an electroscope. 

The electroscope used was of the usual type with single gold 
leaf but was made double, and the images of the gold leaves were 
projected upon scales fixed to the wall a metre or twoaway. The 
movements of the leaves could thus readily be followed even when 


* Proc. Roy. Soc. A. Vol. 90, 1914. 


128 Mi Rudge, On the Electrification given 


manipulating the apparatus and the charges upon the steam and 
the air simultaneously observed. 


Fei 


When the steam was allowed to escape from the boiler, if the 


pressure was more than 150 mm. above that of the atmosphere, 
the steam, and the air also, was found to be strongly charged. An 
insulated conductor placed in the steam showed a positive charge, 
and the radium coated plate, which might be anywhere in the 
room, also indicated a positive charge. If the quantity of steam 
escaping was large the charges sent the gold leaves out at right 
angles to the supporting plates. By moving the radium coated plate 


about the room the charge could be detected in all parts, but the 


maximum effect was found at the centre, even though the boiler 


was at one end. That the air itself was actually charged was 
shown by carrying a large box which had been open in the room for 


some time, outside, and on putting an electroscope with a radium 


coated wire inside the box, a positive charge was found to be 


present. If the electroscope was placed upon the window-sill — 


outside the room no charge was noticed, but on opening the 
window, and opening the door suddenly, a current of air could be 
sent out of the window, and that this carried a charge was at once 
shown by the electroscope, and this was the case some time after 
condensation of the steam. 

In a closed room the charge given to the air by a very small 
quantity of steam will persist for a long time. In one particular 
case the boiler was arranged outside a room measuring about 
5x 4x3 metres, and a jet of steam from an orifice 1 mm. in 
diameter sent into the room for about five minutes. This charged 
the air to such an extent that the gold leaf of the electroscope 
was sent out nearly at right angles, and the charge could be 
detected in the room for more than one hour afterwards. This 
same persistence of the charge after condensation of the steam 
has also been noted on a railway journey. If an electroscope 
having a collector attached is carried in a closed railway carriage, 
no charge is indicated. If the window is opened a charge can be 
detected upon that side of the train from which the steam is being 
carried. On entering a tunnel, a quantity of steam gets carried 
into the carriage, and at once a strong charge can be detected. 
If the window is now shut the charge will remain, notwithstanding 
the condensation of the steam, and may be noted many minutes 
afterwards. 

A set of experiments was made to ascertain whether the 
presence of dissolved matter in the water had any influence on the 
charge given to the air by the steam. In most cases the charge 
was positive. Table I gives a few of the effects obtained. Only 
a few such are given but they are typical of the rest. It may be 
noted that volatile salts may give vegative charges, as also did 
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other volatile bodies, but the charge was by no means invariable 


and generally changed to positive after the material had been 
volatilised. 


TABLE I. 

Liquid in boiler parse Nn Remarks 
Wiscilled water 6. 4.....2<c..c8e ences Positive Charge strong 
BOMTLON Of Salt Wii. ...cecc0tee one. 5 5 4 

s Caustic Soda, .2:....-- . 3 
55 potassium nitrate... [9 % 
53 magnesium sulphate s 3 wm 
‘ ammonium carbonate Negative After boiling for some 
time became positive 
Bs benzoic acid ......... ; Positive 
*s VINCCAN seaeceersccses Negative Charge weak 
a hydrochloric acid ... * Fairly strong 
rs hydriodie acid ...... a 5 “5 
Distilled water with a small 5 Very strong at first 
piece of phosphorus............ 
Iodine in potassium iodide ...... % Charge weak positive 
after a short time 


It was not easy to prevent a charge being given to theair. If 
there was any visible condensation and the pressure was above one 
and a half atmospheres a charge was invariably obtained. Passing 
the steam through a red-hot tube had no effect in reducing the 
charge, but placing a large bunsen burner directly in front of the 
jet caused most of the charge to disappear if at the same time 
visible condensation ceased. 

If a jet of steam gives a positive charge to the air it is obvious 
that a negative charge must be somewhere and one naturally 
looks for this on the boiler. This negative charge is readily 
detected by heating the boiler until a good pressure is obtained, 
and then placing it on an ebonite support. On connecting it to an 
electroscope the presence of the negative charge is at once shown. 

As is well known, an insulated conductor held in a current of 
high pressure steam, acquires a positive charge, but under some 
circumstances a negative one can be obtained, and some casual 
observations appeared to indicate that the nature of the charge 
depended upon the position of the electrode. It seemed of interest 
to investigate this point and it was then found that a positive or 
negative charge could be obtained as desired, by suitably placing 
the exploring electrode, An arrangement was therefore made by 
which an exploring electrode could be moved about in the steam and 
the position noted where positive or negative charges were found. 
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The exploring electrode was made in many forms such as small _ 
cylinders, discs of metal or wire gauze, or plain wires; a fine 
needle seemed however to be the most satisfactory form to use. 
This needle was attached to a rod of ebonite and mounted upon — 


the carriage of a travelling microscope, so that it might be moved 
in two directions at right angles and its position noted. The 


arrangement is shown in fig. 1. The tube projected about 20 cm. 


from the boiler, the orifice from which the steam escaped was — 
1mm. in diameter. The electroscope /, was connected to the 


needle and served to indicate the charge in the steam jet; whilst 
H, gave the charge at the same time upon the air. 
In starting an observation the needle was arranged at some 


ny 


distance from the end of the tube and the charges on the electro- _ 


scopes noted. By moving the screw the needle could be moved 


nearer or farther from the orifice from which the steam was 


escaping and any variations in the charge observed. If the 


Fig. 1. The steam escapes from the small orifice in the tube attached to the 
boiler. The charge upon the air is indicated by the radium collector R, and 
electroscope EH, and that upon the point by the electroscope #,. Hy, and Hz 
are at some distance, 2—3 metres, from the boiler. 


distance of the needle was a few centimetres from the orifice 
from which the steam was escaping a positive charge was shown 
by £, and also by #, but on gradually lessening the distance 


by turning the microscope screw the charge shown by &, 


diminished in strength, and then changed sign, whilst that shown 
by E, remained always positive. The point at which the inversion 
of sign occurred was fairly sharply defined, as is shown 1n Table II. 
The results there shown were obtained with an orifice 1 mm. in 
diameter, and a pressure of steam about 60cm. above that of the 
atmosphere. 
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: TaBLeE II. 
Distance of electrode| Charge indicated 
from orifice by electrode 
15 cm. + 
OS + 
5 ” ete 
2» + 
IS) 5 0) 
195) 5, - 
DO) 5 + 
ick - 
195) 5, — 
IG Siee. O 
98) + 
30 ,, + 
DO) + 
IMA op = 


The position of the point of inversion varied with the pressure, 
and the greater the pressure the farther the point was from the 


orifice, but there did not seem to be any very definite relation 


between the pressure and the position of the point, owing probably 


to irregular condensation. 


| Fig. 2. The steam escaping from the boiler forms a cone somewhat as shown. At 


points in the cloud above C a positive charge would be indicated ; at d no 
charge, at B a negative charge. 


If a jet of steam escaping under pressure is closely examined 


_ it may be seen that visible condensation does not occur until the 


steam has gone some distance from the orifice, that is the steam 


remains ‘dry’ and the jet of steam takes the form of a short 


cylinder, which opens out into a cone at some distance, which 


_ depends upon the diameter of the orifice and upon the pressure of 


the steam (fig. 2). The change of sign seems to occur at the point 
where the cylinder opens out into a cone, that is where the steam 
passes from the dry to the wet condition. The outer layer of the 
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dry steam cylinder is also apparently. positive but not very strongly | 
so. A small insulated-ring shaped electrode was arranged to 
surround the jet at less than lem. from the orifice. The ring 
could be moved so as to cut through the jet of steam, and an 
electroscope joined to it indicated the charge acquired by the ring 
in different positions. Fig. 3 shows the charges obtained in 
different positions (a), (b), (c). No charge was indicated when: 
the ring was at (a), a positive charge when the ring just grazed 
the outside of the steam jet, and a strong negative one when the: 
wire was at the centre of the jet. It must be remarked that the‘ 
presence of the wire in the jet rather disturbs it, and of course a: 
part of the wire is passing through the outer positive layer, but the ‘ 
negative charge in the central part of the steam column is evidently | 
much greater than the positive charge on the outer portions. 

The experiments were repeated in the Engineering Laboratory | 
at Cambridge, using much larger volumes of steam and much 


; 


+ 


Fig. 3. When the wire ring is in the position shown at A no charge is indicated 
by the electroscope, at B a positive charge is shown and at C a negative one. 


higher pressures than could be obtained with the small boiler, but, 
save in the magnitude of the charges obtained, the general results 
were the same. Pressures up to eight atmospheres were used and 
jets varying from 1 mm. up to 8 mm. diameter were employed. 
The charge given to the exploring electrode was the same as with 
the smaller boiler, but the inversion point was much farther away 
from the orifice, in one case nearly 5 cms. The air of the boiler 
house was very strongly charged with positive electricity. 

When a clean needle electrode was placed in the current of 
steam it was observed that the steam condensed upon the point in 
the form of small drops which quickly coalesced into one large one. 
This large drop was fairly permanent when it had reached a certain 
size and the rate of growth and evaporation balanced. It then 
clung tenaciously to the needle, and when the charge shown by 


the needle was positive, the drop was on the side of the needle 
nearest to the orifice, and when negative, on the side farther 
from the orifice. These drops were photographed and are shown 
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in fig. 4; the position is so definite that by noting where the 


| 
y 


: 


y 


Fig. 4, The needle has a negative charge when the drop is towards the jet, and 
a positive charge when away from the jet, the positions with reference to 
the jet being shown at B and C, fig. 2. 


drop is seen, the charge upon the needle may be inferred. The 
cause of the position assumed by the drop is probably in some 
way related to the eddy currents present in the steam after striking 
an obstacle, 
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Origin of the charge given to the air. 


The experiments do not throw much light on the origin of ie } 
charge given to the air, but two or three possible causes suggest. 
themselves as being at least contributory. ) 

(1) The charge might be thought to be due to the condensed | 
water being atomised by the outrushing steam, but in that case, | 
reasoning by analogy with the electrification near a waterfall, it 
should be negative, whilst it is actually positive. 

(2) Friction of the escaping jet at the orifice. Undoubtedly ' 
some charge originates here if the steam passing through the/ 
orifice is not dry, but this will account for only a part of the | 
charge, for the interposition of a fine needle in the path of the | 
steam will considerably increase the charge given to the air, and | 
at the same time the colour of the steam cloud changes, the | 
strongest charges being produced when the colour appears blue; 
even a partial stoppage of the orifice which causes the cloud to | 
become blue is accompanied by an increase of the charge. 

(3) The charge may be due to the friction of the drops of | 
condensed water against each other, much in the same fashion as | 
is the charge produced during the raising of a dust-cloud*. This | 
suggestion is put forward tentatively, but the fact that the finer) 
the water particles—as shown by the colour of the cloud—the | 
stronger the charge, seems to substantiate it, for here by analogy | 
the finer the particles of dust the greater is the charge given to | 
the air. 


SUMMARY. 


(1) Some experiments have been made with steam jets which | 
show that a positive charge is given to the air by the action of the | 
jet, and this charge persists for some time after the condensation | 
of the steam. | 

(2) The charge given to the air by the steam from pure water 
is always positive, and the presence of non-volatile substances | 
dissolved in the water has no influence on the charge. | 

(3) Volatile bodies mixed with the water may give a negative ; 
charge to the air. 

(4) The charge acquired by the air appears to be due to some- 
thing which occurs in the cloud of condensed vapour. i 

(5) Positive and negative charges can be obtained cate 
taneously from the same jet, by ‘suitably placing exploring | 
electrodes in the path of the steam. | 


My thanks are due to Professor Sir J. J. Thomson for the use 
of the Cavendish Laboratory where the greater part of the work 
was carried out. 


* Roy. Soc. Proc. A. Vol. 90, 1914. 
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| Note on Dr Searle’s experiment on the harmonic motion of a 
rigid body. (Proceedings of the Cambridge Philosophical Society, 
November 24, 1913.) By Sir GEorGE GREENHILL. 


[Received 20 February 1914.] 


The experiment provides an instructive exercise in measure- 
ment for the student of mechanical physics, and the practical 
details are useful for anyone who wishes to repeat it. 

But as the experiment is carried out in a gravity field, and the 
calibration of the wire torsion is made (fig. 2) by weights in a 
scale pan, it would be more genuine and instructive, in my opinion, 
if the torsion couple 4@ was recorded as it is measured, in gram- 
centimetres. 


This makes 7’ = 27 Jz in formula (1), and then iE is the 


length of the equivalent simple pendulum, 44°42 cm in the 

experiment, with 

K = 10! x 9894 g-cm’, and Sp ANOLE 
: 10 x 1428 

per radian ; and when this pendulum length is measured, beating 

time alongside with the torsional vibration, like a metronome but 

with invisible oscillation, the experiment is complete. 

No need for a clock or a watch, in this the method of 
Galileo. 

And the factor g, required for the conversion into absolute 
measure of force, cannot be measured directly by experiment with 
any accuracy approaching the determination of the length Z of 
the pendulum which beats the second; so that g is always 
calculated indirectly through the formula 


g=wL. 
The formula for the beat ¢ of a pendulum of length / is thus 


more properly 
Pee l 
t=4/7. instead of my /-. 


Thus if we take the length as 25 cm, in round numbers, of the 
half second pendulum for which 7'= 1, then 7'= 1337 would have 
an equivalent pendulum length 

: 13:37\? : 
1 =25 x (1337) = = = (6685)? = 44-69 om. 

But with / = 44°42 cm, the length of the half second pendulum 
would be 44°42 = (1°337)? = 24°85 cm, making the length 99:-4cm 
of the pendulum which beats the second. 


= 10° x 2:227 g-cm 
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On the assumption of constant w, and neglecting air drag, ine 
torsional period is the same for visible and invisible oscillation. 


But the circular correction is required for the equivalent | 


gravity pendulum. If its invisible oscillation is in tune with the 
torsion, then swinging through an angle of D° it would lose one 
beat in V = (* s ae =) beats, observable by the Method of Coinci-. 
dences, described in Maxwell’s Matter and Motion, p. 106; thus: 
D =T°.64 makes V = 3600, one second beat in the hour. 

Or if the pendulum synchronizes with the torsional oscillation | 
when it swings through D”, its equivalent length must be stretched 


D 
me (ae x 57:3 
oscillation ; this is 7, °/, for D = 7°.64. 


Air drag and buoyancy can then be measured incidentally : and | 
here is an opportunity of showing the Bessel pendulum at work, 
made of a length, say half a metre, of bicycle tube, filled with lead 


at one end. The theory is given in my Notes on Dynamics, 


183. 
re In a clock pendulum with a cylindrical bob, the air correction 
is about 7, °/, of its length /, and so would be felt in the next 
recorded figure, the fifth, of the experiment. 

To fasten a thin wire firmly in a supporting plate of copper, 
Mr C. V. Boys found the method useful described in La Science - 
amusante, par Tom Tit, where a needle enclosed in a cork is driven 
through copper to punch a hole, and the wire is then clinched in 
the hole and the copper hammered to hold it tight. 

With the copper plate screwed on to the end of a bracket, 
held by Six Point Contact with supports fixed firmly in the wall, 
the only defect of rigidity is in the elastic flinch of the bracket. — 

I should like to put in a plea here for Dr Schuster’s name 
Simple Vibration, instead of Harmonic Vibration, the word har- 
monic being reserved -for the overtones in a Fourier Series. 


i per cent, to give the equivalent length for invisible. 


: 
| 


Drs Fantham and Porter, Further Researches, etc. 137 


Further Experimental Researches on Insect Flagellates intro- 
duced into Vertebrates. By H. B. Fanrnam, D.Sc. Lond., M.A., 
‘Christ’s College, Cambridge, and Liverpool School of Tropical 
Meaicne and ANNIE PorTER, D.Sc. Lond.,.F.L.S., Beit Memorial 
Research Fellow, Quick Laboratory, Cambridge. 


j [Read 10 May 1915.] 


i Contents. 
| PAGE 
I. Introduction. : : : : : 5 : ; : 137 
‘II. Material and Methods — . : . ° 5 : 5 : 138 
Ill. Experimental Work 
(a) Experiments with Pisces . ‘ : : E 5 138 
a 5» Amphibia . : ? ; : 139 
(c) ra cies » Reptilia . : : : ; : 140 
(d) s » Mammalia . i F ; : 141 
IV. Some Remarks on the Foregoing Researches . : 5 144 
_Y. Significance of Experimental Results .  . : Baa 145 
| VI. Summary . : ; 5 : : 5 : 3 ; ‘ 146 
. References 3 : : : : ; 6 : : : 147 


I. Introduction. 


The experiments summarised in this paper were made together 
with and in continuation of those presented to the Society on 
November 23 last, and published in this volume, pp. 39—50. 
‘They record the results of the experimental introduction into 
vertebrates of flagellates belonging to the genera Herpetomonas 
and Crithidia, which live naturally in the digestive tracts of 
various insects. The range of experiment has been extended to 
include examples from most of the great classes of the Vertebrata. 
The work is necessarily prolonged and tedious, as some of the 
animals used live for months, and consequently relatively few 
experimental vertebrates can be managed and observed at any 
one time. We commend this remark to the would-be critic, who 
may say that enough experiments have not been performed; we 
would also remind him that destructive criticism is very common 
in these days, but of little value per se, unless accompanied by 
a constructive policy. Indeed, after the important and suggestive 
‘researches of Rogers in 1904—05 on the cultural herpetomonad 
forms of Leishmania donovani, and the work of Patton in 1907 on 
the complete life-cycle of a Herpetomonas, it is little short of 
amazing that experiments of the nature described in this paper 
‘were not immediately undertaken in endemic areas of Kala-azar. 
In other words, little regard was given primarily to the possible 


VOL. XVIII. PT. III. 10 


138 Drs Fantham and Porter, Further Experimental | 


invertebrate hosts of Leishmania, while much attention was con- 
centrated on attempts to infect the usual laboratory mammals 
with the parasite or with cultures of it. It seems, then, that one, 
important aspect of the subject of leishmaniasis unfortunately has 
been overlooked for a long time. 


Pane Material and Methods. 


The flagellates used in this research include Herpetomonasi, 
jaculum (Léger) parasitic in the gut of the Hemipteran, Nepa 
cinerea; H. stratiomyiae (Fantham and Porter) from the digestive; 
tract of the larva of the Dipteran, Stratiomyia chameleon; H. pedi-\ 
culc (Fantham) from the gut of the body-louse, Pediculus vestumenti;) 
and Orithidia gerridis (Patton) from the alimentary tract of the) 
Hemipteran, Gerris paludum. It will be seen that some of these’ 
insect hosts are blood-suckers, while others are not. 

The vertebrate hosts included sticklebacks (Gasterosteus acu-)| 
leatus) among the Pisces; newts (Molge vulgaris), frogs (Rana 
temporaria) and toads (Bufo vulgaris) among the Amphibia; 
lizards (Lacerta vivipara) anda grass-snake (Tropidonotus natria) | 
among the Reptilia, and mice (Mus musculus) among the Mammals. 

The insect flagellates were introduced into the vertebrates by) 
inoculation or by feeding. No ectoparasites and no haematozoa) 
were present on or in the vertebrate hosts at the commencement | 
of the researches. 

Blood films were made from time to time during the life of | 
the experimental animals, while smears of the internal organs: 
were prepared at autopsy. Some of the preparations were fixed | 
while moist with osmic vapour followed by absolute alcohol, while « 
others were fixed wet with Bouin’s fluid. The stains used were | 
Giemsa’s solution, haematoxylin and eosin, and occasionally iron- | 
haematein. 

Control vertebrates were kept in each case. They remained 
healthy and unparasitised, and lived longer than the experimental 
animals. ] 


Ill. Eaperimental Work. 


As experiments with mammals were detailed in our former” 
paper, it may be of interest to begin with new experiments on | 
cold-blooded hosts and then to take further experiments with : 
mammals, involving the use of flagellates hitherto untried. | 


(a) Experiments with Pisces. | 
Experiment 1 (A.P.). A male stickleback, Gasterosteus acu- 


leatus, was inoculated subcutaneously with the mid-gut of a Nepa 


cinerea containing flagellate forms of Herpetomonas jaculum. The 
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“next day a slight swelling appeared at the site of inoculation. 
This soon disappeared. The blood examination was negative, as 
“it was on subsequent days. Six days after inoculation, the fish 
died. Smears of the tissue near the site of moculation contained 
contracting parasites approaching a non-flagellate condition, and 
also flagellate forms. Elongate and flagellate herpetomonads 
were present in the heart blood, while leishmaniform and elon- 
gating parasites were present in the liver and spleen. The control 
fish died a day after the experimental one, but no herpetomonad 
in any stage of development was found in its organs. 

Experiment 2 (H.B.F.). A male stickleback was fed with the 
gut of a Nepa cinerea containing a few flagellate forms of Herpeto- 
monas jaculum. It only lived two days, and no parasites were 
found at autopsy. 


(b) Haperiments with Amphibia. 


Experiment 3 (A.P.). A large male frog, Rana temporaria, was 
inoculated intraperitoneally with the gut contents of three Gerris 
paludum, which contained flagellate and a few postflagellate forms 
of Crithidia gerridis. Two days after inoculation, some oval and 
elongating parasites were found in the blood. Subsequent examina- 
tions were negative. The frog became thinner and died on the 
evening of the 29th day after the experiment began. Smears of 
the organs showed that the liver contained a number of the oval, 
encysted, postflagellate forms of the protozoon, as well as fully 
developed flagellates presenting the typical crithidial facies. Elon- 
gating forms, transitional between the non-flagellate and full 
flagellate forms, occurred both free and in mononuclear cells in 
the liver. A few cells contained two rounded or elongating 
Crithidia. 

It may be mentioned that here, as in all our experiments in 
which Crithidia gerridis was used, no transition to a trypanosome 
was ever seen. 

Eaperiment 4 (H.B.F.). A male frog, Rana temporaria, was 
inoculated intraperitoneally with the fore-gut of a Nepa cinerea, 
containing preflagellate and young flagellate forms of Herpeto- 
monas jaculum. No exudate appeared at the site of inoculation. 
On the 4th day after the commencement of the experiment, 
a leishmaniform parasite was found in an endothelial cell. 

Blood smears were negative from then to the 10th day, when 
leishmaniform stages were found in the blood. Certain of these 

forms showed a thin cyst wall, and certainly represented the 
postflagellate form as produced at the end of the developmental 
cycle in the insect host. Further blood examinations were nega- 
tive until the 31st day, when both leishmaniform and elongating 
herpetomonads were present. Subsequent blood examinations 


10—2 
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were negative. The frog died on the 54th day after inoculation. — 
At autopsy the animal appeared somewhat anaemic, and both 
flagellate and postflagellate herpetomonads were present in the 
liver. ; 

Experiment 5 (A.P.). A large male toad, Bufo vulgaris, was 
inoculated subcutaneously with the rectal contents of one Nepa 
cinerea, containing recently formed postilagellate stages of Herpeto- 
monas jaculum. <A slight swelling and reddening at the site of 
inoculation occurred on the second day, but disappeared on the 
third. Blood smears were taken daily. Six days after inoculation, 
a leishmaniform parasite was found in the blood, but blood smears — 
on subsequent dates were negative, except on the eleventh day, 
when leishmaniform and young flagellate parasites were seen. 
The toad died forty days after inoculation. At the autopsy, 
leishmaniform parasites were found in the liver. 

Eaperiment 6 (H.B.F.). A mature female toad, Bufo vulgaris, 
was inoculated intraperitoneally with the gut contents of one 
Nepa cinerea, containing young flagellate forms of Herpetomonas 
jaculum. No untoward symptom of any sort was noticed in this 
toad. Blood smears were made daily for a period of forty-five 
days, but all were negative. Further periodic examinations were 
made and were negative. The experimental toad and its control 
animal were killed at the end of eighty days. The internal organs 
of both toads showed no herpetomonad parasites. 

Experiment 7 (A.P.). A young male newt, Molge vulgaris, was 
fed with the mid-gut of a Nepa cinerea, containing a few flagellate 
forms of Herpetomonas jaculum. The newt became less active but 
otherwise showed little signs of illness. Blood examinations were 
made daily for six days, but no parasites were found therein. 
Unfortunately, the newt escaped in the laboratory, and when found 
three days later, was dead and too decomposed to allow of detec- 
tion of parasites. From the examination of the blood alone, there 
does not appear to have been an infection. 

Experiments with tadpoles and Crithidia gerridis are in 
progress. 


(c) Eaperiments with Reptilia. 


Experiment 8 (H.B.F.). A male lizard, Lacerta vivipara, was 
fed on the gut contents of two Gerris paludum, one containing 
preflagellates and the other mostly postflagellate forms of 
Crithidia gerridis. The number of parasites in the feeding 
material was small. Blood examinations were made. Five 
days after the infective feed, the blood was found to contain 
rounded leishmaniform elements, some in process of division. 
Dividing parasites occurred both free and within leucocytes. 
Similar intracellular and free forms were present in the blood 
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also on the 6th day, and leishmaniform elements on the 18th day 
after inoculation. Nineteen days after the commencement of the 
experiment, the lizard died. During the last week of its life, 
it did not feed so well as its control. At autopsy the organs 
appeared to be normal, except for a slight softening of the liver. 
Preparations, however, showed that the liver, heart and bone- 
marrow contained leishmaniform and elongating parasites, while 
in the spleen, fully formed flagellates, presenting the typical 
Crithidia facies, occurred. Smears of the lung and kidney were 
negative. The presence of dividing forms showed conclusively 
that Crithidia gerridis can not only maintain itself, but can also 
perpetuate its race in a vertebrate host. 

Experiment 9 (H.B.F.). A second male lizard was fed with 
teased portions of the liver of the first one, which was infected 
with Crithidia gerridis. After four days the lizard refused to 
feed and died on the sixth day. At autopsy, parasites were found 
in the internal organs, their appearance and distribution being 
like those of the “seed” animal. 

Experiment 10 (H.B.F.). A third female lizard has been 
inoculated intraperitoneally with heart blood from the preceding 
animal, and has already shown a few leishmaniform parasites. 
Three passages of the parasite have thus been accomplished. 

Experiment 11 (A.P.). A male grass-snake, Tropidonotus natria, 
was fed with the guts of four Nepa cinerea, poorly infected with 
Herpetomonas jaculum, a few flagellates and preflagellates only 
being present. Blood examinations were made daily. On the 
4th, 10th, 13th and 19th days after feeding the blood showed 
oval, leishmaniform parasites, mostly free. On the 7th and 15th 
days non-flagellate dividing forms were present, as well as leish- 
maniform bodies. Hlongating parasites were seen on the 11th 
day. On the 8th day after feeding a single erythrocyte was found 
containing a small uninucleate parasite, perhaps corresponding to 
the forms described by Laveran and Franchini. 

The snake died 20 days after the experiment began. Smears 
of the organs were made. The liver contained well formed herpe- 
tomonad flagellates and some leishmaniform parasites. The spleen 
harboured a few small flagellates. Dividing non-flagellate forms, 
as well as ovoid parasites, were present in the kidney. Leishmani- 
form bodies were found in the lungs. Smears of the spinal cord near 
the middle of the body showed the presence of non-flagellate forms, 
both ovoid and in process of division. 


(d) EKaperiments with Mammalia. 


Kaperiment 12 (H.B.F.). A young male mouse, Mus musculus, 
weighing 49 grams, was fed with the rectal end of the 
gut of a larva of Stratiomyia chameleon. The gut contained 
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a few flagellates and some postflagellates of Herpetomonas stra-_ 


tiomyiae. Twenty-four hours after the infective feed, the mouse 


commenced to shiver. The shivering became violent and con- | 


tinued so until the animal died. Attacks of rigor occurred early 
each morning but passed away after a couple of hours. The mouse 
became emaciated and died five days after the infective feed. 
Examination of the blood of the mouse was made daily, but no 
parasites were found therein. Smears of the organs made at 
autopsy showed that infection had occurred. Leishmaniform 
elements, mostly free, occurred in the liver, lung and kidney, the 


liver showing the greatest number of parasites. Some of the 


herpetomonads in the liver were in the multiplicative phase, 
showing division of both nucleus and blepharoplast, as well as the 


CE i a — a 


commencement of cytoplasmic cleavage. Other parasites showed — 


an indication of encystment, forming postflagellates like those 
found in the faeces of insects. Occasionally, seemingly uninucleate 
elements were found, but on careful analyses, these were ascertained 
to be really binucleate, the blepharoplast being superimposed upon 
the nucleus. Fully developed flagellates were not found, but some 
in process of elongation were present. 

_ HKaperiment 13 (A.P.). An adult female mouse was fed with 
a number of body lice, Pediculus vestimenti, obtained from several 
sources. Some of these lice contained Herpetomonas pedicult. 
No untoward symptoms were noticed for some time, but during 


the latter part of its life, the mouse became emaciated and was — 


subject to attacks of shivering. It lived for 72 days. Blood 
smears were made daily. Oval, leishmaniform bodies were found 
on the 4th, 7th, llth, 19th, 24th, 29th, 32nd, 39th, 47th, 
56th and 69th days after feeding on the lice. Dividing forms 
were noticed on the 26th, 35th and 62nd days, elongating para- 
sites on the 29th, 37th, 42nd, 58th and 67th days, while mature 
flagellate herpetomonads were seen on the 30th, 44th, 64th and 
71st days after feeding. At autopsy, the body was found to be 
emaciated and the mouse weighed 2 grams less than its control, 
both being of equal weight, 11°7 grams, at the commencement of 
the experiment. The liver was pale and the spleen enlarged and 
brittle. Oval, leishmaniform parasites were present in the liver, 
spleen, bone-marrow and heart blood. EHlongating forms and a 
flagellate herpetomonad also occurred in the liver. 

Experiment 14 (A.P.). An adult female mouse was fed with 


part of the liver of the above-mentioned mouse, infected with 


Herpetomonas pedicult. It soon began to lose weight and became 
very weak. It died on the 15th day. At autopsy, leishmaniform 
and flagellate H. pedicult were found. in the organs, much as in 
the mouse from which it had been infected. The parasite is thus 
transmissible from one mammal to another. 
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: An attempt at culture of heart-blood of this mouse on blood- 
agar met with very slight success. Further experiments are in 
progress. 

Experiment 15 (H.B.F.). An adult female mouse, weight 12°5 
grams, was inoculated intraperitoneally with the gut contents of 
two Gerris paludum infected with Crithidia gerridis, flagellates 
chiefly being present. The inoculation material did not contain 
a large number of flagellates. A small sore developed at the site 
of inoculation but rapidly healed. The hair around the inocula- 
tion point came away and a bald patch was thus formed. The 
mouse became thinner than its control. It was killed in extremis 
on the 40th day after inoculation. Its weight was then 10°8 
grams. Blood smears were examined daily. On the 3rd, 4th, 5th, 
9th, 12th, 15th and 20th days after inoculation, oval, non-flagellate 
parasites were observed in the blood. On the 5th day, dividing 
organisms were seen. Intermediate elongating forms were observed 
on the 5th and 8th days, while on the 13th and 20th days, fully 
formed flagellate Crithidia were present in the. blood. The smears 
of organs when examined showed oval non-flagellate forms in the 
heart, liver, spleen and lungs. Elongating parasites occurred more 
especially in the liver, and a few small flagellates were found in 
the liver and heart. 

Experiment 16 (A.P.). An adult female mouse, weight 14 
grams, was inoculated subcutaneously with the gut of a Gerris 
paludum, containing some preflagellates and a few flagellate forms 
of Crithidia gerridis. Blood films were taken daily for a period of. 
over two months, but all were negative. The mouse was then 
killed, but at autopsy no parasites were seen in any of its organs. 
It had increased in weight by 1:2 grams. 

Hapervment 17 (H.B.F.). An adult male mouse was fed with 
the gut of a Gerris paludum containing flagellate and some post- 
flagellate forms of Crithidia gerridis. Blood smears were made 
daily. On the day after feeding, a small, non-flagellate parasite 
was seen in the blood. Similar non-flagellate forms were found 
on the 8th, 11th, 13th, 20th and 30th day after the infective feed. 
Dividing, oval organisms were observed on the 4th and 20th days. 
Crithidia in various stages of elongation occurred in the circulating 
blood on the 7th, 17th, 20th and 26th days, and fully formed 
flagellates showing an undulating membrane and flagellum were 
present on the 12th and 35th days. .The mouse died on the 38th 
day after the infective feed. It had shown weakness, with a 
staggering gait, for some days previously. It weighed 10°75 grams 
at death, the control mouse from the same litter weighing 
12:7 grams. The liver was pale, the spleen brittle and slightly 
enlarged. The liver contained a few non-flagellate parasites, and 
some uninucleate forms were also present, these latter being rare. 


™ 
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Similar parasites occurred in the heart. The spleen contained some 
small, oval, non-flagellate forms, and in the lungs small flagellates 
and oval, non-flagellate dividing parasites occurred. The kidneys 
did not appear to be infected. 


IV. Some Remarks on the Foregoing Researches. 


A number of interesting points follow from the experiments 
just recorded and may now be considered, apart from others of 
economic significance which are dealt with separately in the next 
section. 

The infections obtained in the adult experimental animals were 
not heavy, thereby differing from those recorded in young animals 
in our previous paper. Also, in adult hosts the number of observed 
flagellate forms was relatively few, indeed, much fewer than in the 
case of young hosts. On the other hand, adult hosts contained 
more leishmaniform parasites. Doubtless the parasites are more 
virulent in young hosts, as is the case with Mediterranean Kala- 
azar in children. 

The term “incubation period” has not been used in detailing 
the experiments because of the difficulty of its exact definition. 


| 


| 


‘ 
} 


| 
| 
| 
| 


During the first day after inoculation or feeding with insect 


flagellates, various stages of them may be observed in the peri- 
pheral blood of the adult vertebrate host. These forms are usually 
rounded or non-flagellate, and differ from flagellate stages which 
may have been directly introduced. Further, the non-flagellate 
forms may be seen occasionally in process of division during the 
first day. After about 18 hours the organisms often disappear, 
and no parasites may be seen in the blood for a few days. These 
observations are in complete agreement with those published in 
1911 by one of us (H.B.F.) on Trypanosoma gambiense and T. rho- 
desiense. Hence, during the so-called incubation period, a few 
rounded forms of these flagellates (Herpetomonas, Orithidia, Try- 


panosoma) may be found in the peripheral blood. The “incubation — 
period ” is often short in young hosts, as was shown in our former 


experiments. 

The appearance and relative position of the blepharoplast in 
leishmaniform elements vary. . It may be either bacilliform or 
dot-like in shape, and thus resembles that of Leishmania tropica 
more than that often seen in LZ. donovani, though variations occur 
in all these parasites. J. tropica thus seems to have retained 


more of the variation seen in the original insect flagellate stock — 


from which it was derived. 
The ability of species of Herpetomonas and Crithidia to live in 
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cold-blooded vertebrates is comparable with that of certain try- 
panosomes, such as 7’. brucei and T. lewisi, which are inoculable 
into such animals as snakes, lizards and frogs. 

It may be added that we have consulted the work of Rocha- 
Lima (1912) on Blastomycetes. We find that the parasites seen 
__ by us are not so numerous as those described by him, and differ in 
_ morphology and in bio-chemical reactions, so that they could not 
_ be mistaken for yeast-like organisms. 


V. Significance. of Hxperimental Results. 


This subject has already been briefly discussed in our former 
paper (p. 44), when the zoological importance of the herpetomonad 
cultural stage was indicated, the finding of a herpetomonad in 
man by Franchini was noted, and we suggested that canine Kala- 
azar is really a herpetomoniasis (or leptomoniasis) due to H. cteno- 
cephalt. 

Other points of interest may be considered. From the recent 
publications of a few observers it is now clear that herpetomonad 
stages of Leishmania may be found in man, at any rate in infections 
with L. tropica. The recent observations of Sergent, Lemaire and 
Senevet (1914) have demonstrated the presence of a herpetomonad 
flagellate in cultures of the blood and organs of geckos obtained 
from areas in Algeria in which oriental sore, due to L. tropicu, is 
prevalent. Phlebotomus flies, which may harbour a natural herpeto- 
monad, feed on the geckos and on men. Hence animals like 
geckos may act as reservoirs of leishmaniasis, though Laveran has 
just recorded his lack of success in attempts to infect geckos and 
green lizards experimentally with Leishmania tropica. Lindsay 
(1914) writes that the parasite of dermo-mucosal leishmaniasis in 
Paraguay is believed by native sufferers to be conserved in rattle- 
snakes, and spread by ticks or flles (Stmuliwm) feeding on the 
reptiles and transferring the parasite to man. 

Our experimental results show that there is ground for these 
hypotheses. We find that insect flagellates belonging to the 
genera Herpetomonas and Crithidia have produced infections not 

only in mammalian hosts, like mice, but also in cold-blooded 
vertebrates belonging to the Pisces, Amphibia and Reptilia. 
Furthermore, the flagellates are capable of assuming resting, 
encysted, postflagellate stages in these hosts. 

Regarding the possibility of mice acting as reservoirs of 
herpetomoniasis (ieishmaniasis) in nature, we would draw atten- 
tion to an observation by Dutton and Todd published in 1903. 
This observation has apparently been overlooked, though Todd 
has recently changed his view on the matter. These investigators, 
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when in Senegambia, found a Herpetomonas in the blood of house 
mice. From the description given, there can be no doubt that the - 
organisms actually were herpetomonads. We have also found | 
herpetomonads occurring naturally in mice in England, and are | 
publishing a paper on the same in Parasitology. (See list of 
References. ) 

As we have previously stated, we believe that leishmaniases | 
are insect-, or rather, arthropod-borne herpetomoniases. It is | 
highly probable that the maladies have originated from the intro- | 
duction of flagellates of invertebrates—especially herpetomonads | 
of insects—into vertebrate hosts, in which they have been able to | 
establish and propagate themselves. | 

Preventive measures in areas where leishmaniases are endemic | 
should be directed against invertebrates harbouring herpetomonad — 
flagellates, especially such invertebrates as may come in contact 
with men and dogs, and even with domestic vermin like rats and — 
mice. Arthropods need special attention in this connection. It 
is likely that certain vertebrates, such as reptiles and amphibia— 
especially those that are insectivorous—may serve as reservoirs of 
leishmaniases (herpetomoniases). rom such reservoirs the herpe- 
tomonads may reach man by the agency of ectoparasites or flies, 
especially such as are sanguivorous. 


VI. Summary. 


1. Herpetomoniasis can be induced in various warm- and | 
cold-blooded vertebrates when the latter are moculated or fed with 
herpetomonads occurring in the digestive tracts of various insects. 
The infection produced and thé protozoal parasites found in the 
vertebrates resemble those of human and canine leishmaniases. 

2. An infection can also be induced in certain vertebrates 
when they are fed or inoculated with Crithidia gerridis, and both 
flagellate and non-flagellate stages occur therein, but no transition 
to a trypanosome was found. 

3. The following Flagellata have proved pathogenic to warm- 
blooded mammals when the latter have been fed, or imoculated 
subcutaneously or intraperitoneally with them—Herpetomonas 
jaculum, H. stratiomyiae, H. pediculi and Crithidia gerridis. The 
hosts used were mice of various ages. That H. ctenocephali can 
infect dogs has already been shown by us. 

4. Herpetomonas jaculum and Crithidia gerridis have also 
been successfully fed or inoculated into cold-blooded hosts, namely, 
fishes (Gasterosteus aculeatus), frogs, toads, lizards (Lacerta vwipara) 
and grass-snakes (T’ropidonotus natria). 

5. As we have previously stated, we believe that leishmaniases 
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are arthropod-borne herpetomoniases, and that these maladies 
have been evolved from flagellates of invertebrates (especially 
herpetomonads of insects), which have been able to adapt them- 
selves to life in vertebrates. 

6. In areas where leishmaniases are endemic, an examination 
should be made of all insects and other invertebrates likely to 
‘come into contact with men or dogs or rats and mice, in order to 
ascertain if these invertebrates harbour herpetomonads. Preven- 
tive measures should be directed against such invertebrates, 
especially arthropods. Further, it is likely that certain verte- 
brates, such as reptiles and amphibia (especially those that are 
insectivorous), May serve as reservoirs for leishmaniases or, as they 
should preferably be termed, herpetomoniases. From such reser- 
voirs the herpetomonads may reach man by the agency of 
ectoparasites or flies, especially such as are sanguivorous. 
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The Ketodilactone of Benzophenone-2-4-2'-4'-tetracarboxylic 
Acid. (Preliminary Note.) By W. H. Mitts, M.A., Jesus 
College. 

[Read 10 May 1915.] 


With the object of obtaining a dicyclic compound of the type 


Aa Le 
Cie 


which should be capable of resolution into optically active com- 
ponents, the oxidation of di-m-xylyl ketone has been investigated. 
By heating this ketone with dilute (9 per cent.) nitric acid for 
about 70 hours it was completely converted into a mixture of acids 
in which dimethylbenzophenone dicarboxylic acids predominated. 

On further oxidation with alkaline potassium permanganate the 
mixed acids gave an excellent yield of benzophenone-2-4-2’-4/- 
tetracarboxylic acid (I), an easily soluble compound which is 
transformed with the greatest readiness into its sparingly soluble 
ketodilactone (II). The transformation is best effected by acidi- 
fying the aqueous solution strongly with hydrochloric acid and 
heating on the water bath. The ketodilactone is then deposited in 
the course of a few minutes as a heavy crystalline powder (found 
C=598; H=2°5; C,,H,O; requires C= 60:0; H = 2°4 per cent.). 
This compound melts at 410° and is very sparingly soluble in the 
common solvents. 
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It was converted by heating with phosphoryl chloride and 
two molecular proportions of phosphorus pentachloride into the 
acid chloride C,;H,O,(COCI), (found Cl=18°86; C,H,O;Cl, — 
requires Cl= 18:83 per cent.), from which the esters of the keto- 
dilactone acid can be prepared. ‘The diethyl ester (ap. 212°) 
and the dibornyl ester (mM.p. 245°) have been prepared and — 
analysed. 

The acid is rapidly reduced by zinc dust and ammonia to 
benzhydrol-2-4-2’-4'-tetracarboxylic acid, which on liberation 
from its salts very rapidly passes into the lactone III. This 
compound (found C = 59:4; H =3:1; C,,H,,O, requires C = 596; 
H =2°9 per cent.) is considerably more soluble in acetic acid or 
alcohol than the ketodilactone and melts at 311°. Experiments 
on the resolution of these compounds have been commenced. 

In the preparation and investigation of the above-mentioned 
acid chloride and borny] ester of the ketodilactone I have had the 
valuable assistance of Mr A. F. R. Evans, B.A., of Pembroke College, 
to whom my best thanks are due. 
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October 26th, 1914. 


In the Comparative Anatomy Lecture Room. 
Dr SuHipLtey, PRESIDENT, IN THE CHAIR. 
The following were elected Officers for the ensuing year : 
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Treasurer : 


Prof. Hobson. 
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Mr F. A. Potts. 
Mr G. H. Hardy. 
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Dr Marshall. 

Mr F. J. M. Stratton. 
Prof. Woodhead. 
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Dr Duckworth. 
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Dr Fenton. 
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The following was elected a Fellow of the Society : 
F. W. Aston, B.A., Trinity College. 
The following Communications were made: 


1. The Conductivity of Extremely Dilute Acid and Alkali Solu- — 
tions. By H. H. Pains, M.A., Trinity College, and G. T. R. Evans. 


2. Studies in Synthetic Logic. By N. Wiener. (Communicated 
by Mr G. H. Hardy.) 


November 9th, 1914. 


In the Cavendish Laboratory. 
ProFressor NEWALL, PRESIDENT, IN THE CHAIR. 


The following was elected a Fellow of the Society : 


A. M. Smith, M.A., Emmanuel College. 


The following was elected an Associate of the Society : 
Miss G. L. Buckley, Girton College. 


The following Communications were made : 


1. Experiments with slow Cathode Rays. By Professor Sir J. J. 
THOMSON. 


2. Note on the conditions of stability of electrified drops. By 
J. Zeveny, B.A. (Communicated by Professor Sir J. J. Thomson.) 


November 23rd, 1914. 


In the Comparative Anatomy Lecture Room. 
ProFessoR NEwALL, PRESIDENT, IN THE CHAIR. 
The following Communications were made: 


1. Some notes on Insect Parasites. By W. R. THompson. (Com- 
municated by Mr F. A. Potts.) 


2. Some Insect Flagellates introduced into Vertebrates. By 
Dr H. B. Fantuam and Miss ANnNiE PorTER. 
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3. The colour variations of the Fauna associated with Crinoids. 
(Preliminary note.) By F. A. Ports, M.A., Trinity Hall. 


4. The shortest line dividing an area in a given ratio. By 
N. Wiener. (Communicated by Mr G. H. Hardy.) 


5. Preliminary notes on some problems connected with Respiration 
in Insects generally and true aquatic forms in particular. By G. L. 
Purser. (Communicated by Mr F. A. Potts.) 


February 8th, 1915. 


In the Cavendish Laboratory. 


Dr Barnes, VICE-PRESIDENT, IN THE CHAIR. 
The following Communications were made : 


1. Theory of the Mobility of Negative Ions. By Professor 
Sir J. J. THomson. 


2. (1) The determination of the focal length of a thick mirror. 


(2) Experiment on the focal lines formed by refraction at a 
plane surface. 


(3) Calculation of the electrical resistance of a certain network 
of conductors. 


By Dr G. F. C. Sear.e. 


3. Determination of the thickness of thin plates by an inter- 
ference method. By C. T. R. Witson, M.A., Sidney Sussex College. 


4. The Wolf-note in bowed stringed Instruments. By G. W. 
Waite. (Communicated by Professor Sir J. J. Thomson.) 


February 22nd, 1915. 
In the Botany School. 
Proressorn NEWALL, PRESIDENT, IN THE CHAIR. 


The following Communications were made: 


1. On some Fossil Plants from the Devonian rocks of North 
Devon. By Dr Arser and R. H. Goons, B.A. 
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2. On some new and rare Jurassic plants from Yorkshire—The 
male flower of Williamsonia gigas (Lind. & Hutt). By H. Hamsnaw 
Tuomas, M.A., Downing College. 


3. Nomenclature of Pteris aquilina. By Dr C. E. Moss. 


May 10th, 1915. 


In the University Chemical Laboratory. 
ProFEssoR NEWALL, PRESIDENT, IN THE CHAIR. 


The following Communications were made : 


1. (1) The Ketodilactone of Benzophenone-2-4-2'-4’-tetracarb- 
oxylic Acid. 
(2) The Synthesis of 1-5-Dibromo-3-isopropylpentane. 
By W. H. Mitts, M.A., Jesus College. 
2. Further experimental researches on Insect Flagellates intro- : 


duced into Vertebrates. By Dr H. B. FanrHam and Miss Annip 
PORTER. : 


3. Note on Dr Searle’s experiment on the harmonic motion of a _ 
rigid body. By Sir G. Greenwizt. 


4. On the Electrification given to the Air by a Steam J et. By © 
W. A. D. Rupes, M.A., St John’s College. 
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Cambridge Philosophical Society. 


_ Hexperiments with a prism of small angle. By G. F. C. SEARLE, 
Se.D., F.R.S., University Lecturer in Experimental Physics, Fellow 
of Peterhouse. 


[Read 23 February 1914.] 


§ 1. Introduction. The prisms of small angles supplied by 
opticians for use in spectacles are convenient in a number of 
optical experiments. When the refracting angle of a prism is so 
small that the circular measure, the tangent and the sine of the 
angle may be treated as identical to the accuracy which can be 
reached in the measurements, the mathematical calculations 
become so simple that the attention of the student is not diverted 
by them from the physical phenomena of refraction and deviation 
which he is studying. There is a close connexion between a 
prism of small angle and a simple lens of small aperture, for, 
when spherical aberration is neglected, the effect of the lens on 
rays proceeding from a point on its axis may be found by treating 
the part of the lens traversed by one of these rays as if it were 
part of a prism of small angle. Many lens problems are best 
solved by considering the deviation of a ray which meets a thin 
lens, or the principal planes of a thick lens, at a definite distance 
from the axis, and thus experiments such as those described below 
form a useful introduction to work with lenses. 

The apparatus is simple and can be freely handled by the 
student without risk of injury. Though the goniometer is some- 
what inferior in accuracy to a good spectrometer fitted with a pair 
of verniers, it has the great advantage that the readings can be 
very quickly taken, with the result that the student spends his 
time in studying optics rather than verniers. 
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§ 2. The auto-collimating goniometer. The goniometer used 
in measuring the angles in the experiments to be described is shown 
in Fig. 1; it was designed in conjunction with W. G. Pye and Co, 
The base is formed of a strip of mahogany furnished at one end 
with a spherical pivot, and at the other with a cross-bar carrying 
a scale. Angles are measured by means of a moveable arm which | 
turns at dne end about the pivot, while the other end moves. 
over the scale on the cross-bar. The optical system consists of an | 


Fig. 1. 


achromatic lens, about 35 cm. in focal length, fixed to the arm” 
above the pivot and of a fine vertical wire held in an adjustable 
frame attached to the other end of the arm; the frame is adjusted 

so that the wire is in the focal plane of the lens. 

The spherical pivot is a phosphor-bronze ball attached to an 
adjustable fitting. The ball enters a conical hole turned out of a 
block of brass attached to the arm; the other end of the arm 
carries two brass feet which rest upon the cross-bar. 

The scale is provided with an anti-parallax mirror and is 
divided into millimetres and the ball is adjusted so that its centre 
is 40 cm. from the edge of the scale. The readings are taken by 
means. of a fine wire passing across an opening and stretched by 
a spring. As the scale can be read to ;1, cm., the angle can be 
read to zq459 radian or to about ->, degree. : 

The goniometer is converted into an auto-collimating instru- 
ment by the addition of the fitting shown in Fig. 2. The bar HF 
is clamped to the frame holding the vertical wire of the gonio- 
meter by the screws G, H. A vertical slit is cut in the upper 
edge of the bar and this slit is covered by a small totally reflecting 
prism 7’. When light from a source S falls upon the prism, it 
is internally reflected and passes out through the slit past the 
vertical wire WW. The beam of light then passes through the 
lens of the goniometer; if it suffers reflexion at a suitably placed 
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plane mirror, those rays which fall normally upon the mirror will 
retrace their paths, and, after passing a second time through the 
lens, will come to a focus at the point in the focal plane from 
which they started. Other points in the focal plane will have 


Fig, 2. 


imverted images in that plane and thus an inverted image of the 
slit and wire will be seen. By properly adjusting the mirror about 
a horizontal axis, the lower edge of the image of the slit may be 
made to lie on the upper edge of the bar HF (Fig. 2), and then, 
by adjusting the arm of the goniometer or by turning the mirror 
about a vertical axis, the image of the wire may be made to 
coincide with the wire itself. 

The goniometer may, conveniently, be bolted to a table carried 
by a Compound Laboratory Stand (W.G. Pye and Co.); its height 
above the table is then adjustable. 

The goniometer does not measure angles directly but their 
tangents. If the indicating wire crosses the edge of the scale at 
a distance zcm. from the central division and if the angle between 
the displaced and the central positions of the arm is @ radians, 
then tan 0 =2/40, if the distance from the pivot to the edge of 
the scale is 40cm. The scale extends 10 cm. on either side of its 
central division so that the greatest value of tan @ is 0°25. When 
tan @ is known, @ can be found in degrees by trigonometrical 
tables or in radians by the series 


6 = tan 0—4 tan? 04+ 4 tan? 0 —..., ...eceseeee (1) 


provided |tan 6; < 1. 

The following Table, calculated to five decimal places by aid of 
the series, enables @ to be easily found when tan @ is known. 
It gives the value of c, the quantity which must be subtracted 
from tan @ in order to obtain the value of @ in radians. For values 
of tan @ not given in the Table, interpolation may be used. Thus, 
when tan 0 = 0:205, c = 000280 and thus 


6 = tan 6 —c = 0205 — 0:00280 = 0:20220 radians. 


The Table gives c with greater accuracy than the present experi- 
ments demand, but the extra figures are given in the hope that 
it may be useful for other purposes. 


11—2 
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r 
tan 6 @ tan é |} Cc tan 6» c 


0:01 000000 0:10 0:00033 0-19 0:00224 
0:02 0-00000 O-ll | 0°00044 0-20 0:00260 
0:03 0:00001 0°12 0:00057 0°21 0:00301 
0:04 000002 0°13 000072 0:22 0:00345 . 
0:05 000004 0°14 000090 0:23 0°00393 
0°06 0:00007 0°15 0:00111 0°24 0:00446 
0:07 0:00011 0:16 0:00134 0°25 0:00502 
0:08 0:00017 0°17 0:00161 
0:09 0:00024 0-18 000191 


§ 3. Measurement of the angle and the refractive index of 
a prism by the auto-collimating goniometer. Let ABC (Fig. 3) 
be a section of the prism by a principal plane and let the angle 


A B 


Fig. 4. 


BAC of the prism be 7 radians. Let P be a point on the face AC 
and let PK be perpendicular to the face AB. Let the ray KP 
on passing out of the glass into the air be refracted along PQ, 
making an angle @ with the normal PN. Then, since PK makes 
an angle 7 with the normal, we have, if w be the refractive index 
of the prism, 

sin @= mwsin2. 

The two directions PN and PQ are readily identified by 
optical means, for PN is the direction of a parallel beam of rays 
which returns along its own path after reflexion at AO, and PQ 
is the direction of a parallel beam which returns along its own 
path after two refractions at AC and one reflexion at AB. 

The angle ¢ of the prisin is easily found. For, if the prism be 
turned through two right angles about an axis perpendicular to 
the plane of the face AB, so that the section of the prism comes 
into the position shown in Fig. 4, the normal to the face AC 
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will then make an angle 2: with its former direction. Hence 
this motion of the prism will entail a change of direction of 
27 in the parallel beam of rays which falls normally upon the 
face AC. 

The prism is held in a simple geometrical clamp (Fig. 5). 
Three bicycle balls are soldered to a brass plate and one face 


of the prism (AB in Fig. 3) is kept in contact with the spheres by 
two steel sprmgs. This spring clamp is attached to a horizontal 
rod carried by a heavy stand. The screw at the centre of the 
brass plate allows the plate to be adjusted so that the ledge at the 
bottom of the plate is horizontal. If the ends of the prism have 
been made perpendicular to the refracting edge (which is not 
always the case), this will secure that the prism 1s properly placed. 

The goniometer is fixed at such a height above the table that 
light from a sodium flame passes properly through its reflecting 
prism. The clamp holding the prism to be tested is then set to 
the corresponding height, and the clamp is placed close to the 
lens of the goniometer and is turned about the horizontal rod 
supporting it so that, when the arm of the goniometer is suitably 
directed, an image of the illuminated slit 1s seen just above the 
totally reflecting prism. There are two positions of the arm in 
which an image is seen. In one position the light is reflected at 
the front face of the prism, in the second it is reflected at the 
back face; the first position corresponds to PN in Fig. 3 and the 
second to PQ. A reference to Fig. 3 will enable the observer to 
distinguish between the two images. [The image formed by 
reflexion at the back face of the prism can be destroyed by 
smearing vaseline over that face. | 

It may be found that there is slight parallax between the 
image of the wire and the wire itself when the prism is used. If 
the setting of the wire is perfect as judged by a good plane 
mirror, this indicates that one or both faces of the prism is not 
quite plane. 

If the two images are not at the same height above the bar 
carrying the totally reflecting prism, the prism to be tested is not 
quite accurately adjusted. The error may be corrected by turning 


ual 
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the prism through a small angle about a horizontal axis per- 
pendicular to the plane of the three spheres. 


The marked face of the prism is placed against the spheres’ 


and the two goniometer readings corresponding to reflexion at the 
front face and to reflexion at the back face are taken. The angle 
between the two positions of the arm is the angle @ in Fig. 3. 
Keeping the marked face still in contact with the spheres, the 


prism is turned through 180° about a horizontal axis perpendicular 


to the plane of the spheres and the observations are repeated, 


thus furnishing a second value of @; care must, of course, be taken 


not to move the clamp. The angle between the two positions of | 


the arm corresponding to reflexion at the front face is equal to 20. 
The goniometer readings are reduced to radians by aid of the 
Table where necessary. The observations may be repeated with 
-the unmarked face of the prism in contact with the spheres; to 
ensure quite independent readings, the goniometer stand may be 
slightly moved from its first position. 

The refractive index is then found by the formula 


je =Sin'6/sin- 2, 02 ce eee eee (2) 


§ 4. Practical example. The following observations were 


made by G. F. C. Searle. 


Distance of goniometer scale from pivot = 40°00 cm. 
The central reading of the goniometer is 10°00 cm. 
The letters #’ and B indicate readings corresponding to reflexion at the 
front and back faces of the prism respectively. 
(i) Marked face in contact with spheres: 


Mark to right. Mark to left. 
F,=730cem. 6,=1159 cm. f,=12°92 cm. 6,=8°62 cm. 
(ii) Unmarked face in contact with spheres: 

Mark to right. Mark to left. 
He — (0S cman o.—Nileso ent: F,=12-70iem. 2, —8 em: 


The deviation of the arm from its central position for F, is — 2°70 cm. 
and the angle is --tan~!(2°70/40) or —tan—!0-06750. By the Table the 
angle is — (0°06750—0-00010) or —0:06740 radians. In the same way F, 
corresponds to a deviation of 007287 radians, and hence 


21=0-06740 + 007287 =0'14027 radians. 
Similarly we find from /, and B,, 
6=0:10713, 
and from /, and B,, 6=0°10736, 
the mean being 0°10725 radians. 
The readings /',, B; and #,, By, give the values 
21=0714027, 6=0:10725 radians. 
The mean values are 
4=0-07014 radians=4° 11, @=0°10725 radians=6° 8-7. 
Hence, by (2), 
p=sin 6/sin 7= 17528. 
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§5. Determination of the angle and refractive index of a 
prism by aid of a liquid of known index. In the last experiment 


no assumption was made as to the magnitude of the angle of the 


prism. In the following experiment, however, in order to simplify 


the mathematics, it is necessary that the angles concerned should 
be “small.” 
We shall first calculate the deviation when a ray passes with 


small angles of incidence and refraction from air into a medium of 


index p. Let PQR (Fig. 6) be a ray making angles 6 and $ 


Fig. 6. 


with the normal MQN in the air and in the medium. Then 
sn@=psing. But 


Tet alice 168} 
= Say Aes 3 
@=sin@+ 5.5 sin O+ 5 
and sing@= ¢—1¢', as far as d’*. Hence, to this order, 


d= ysin $+ 5 (usin $) =n (>— 49!) + Lug" 


ange seo (3) 


Ente Uist G. an ay (4) 
If the deviation be D, we have D = 6@-— ¢, and thus 
1D) SC 1) Se GPS) OP. escacot once»: (5) 


Next consider the passage of a ray in a principal plane through 
a prism of index mw and of small angle 7. If the ray passes through 
the prism symmetrically, the angles which it makes in the medium 
of index w with the two normals are each 47. If the path PQRS 
(Fig. 7) is unsymmetrical, these angles will be 42+ and 47 — », 


Fig. 7. 


where 7 is the angle between the unsymmetrical path and a 
symmetrical path in the medium. For the refraction at Q, where 
the value of ¢ is 47+, we have, by (5), 


D,=(u—1) Git) + uel Gitay, 6) 
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and for the refraction at R 
Dy= (#1) (Bi — 0) + Au (w—D Gta) oA) 
The whole deviation, D, is the sum of D, and D, and hence 
D=(p—l)itdee (w—1)i(e + 129? 
=(w— em app (uw +1) @ +127). .... 22... (8) 
The term involving 7? shows how lack of symmetry increases the 
deviation. When both 7 and 7 are small, we may write* 


D2G2)t eee (9) 


which is the formula we shall use in the experiment. 


ae 


The prism is placed with its edge vertical in a tank (Fig. 8) | 


with parallel glass sides containing a liquid of refractive index py. 


If the sides of the tank are plates of plane-parallel glass, they will | 


not affect the deviation, and we may treat the system as if it were 
a glass prism in a block of water. We then have three prisms, 
viz. a glass prism of angle 7 and two liquid prisms whose angles 


| 


are 8 and y (Fig. 8), the sum of 8 and y being 2, 8 and y bemg — 


counted positive when the refracting angles of these prisms point 
in the opposite direction to that of the glass prism. Ifa ray now 


oa 


Fig. 8. 


passes through the system, falling nearly normally upon the 


surface of the liquid, it will pass nearly symmetrically through — 


each of the prisms and the formula (9) may be applied to each 
prism. If D, be the resultant deviation, and if D, be counted 
positive when it is in the same direction as that due to the glass 
ae alone, we have, since 8 + y =1, 


D,=(w—-1)t-(m- 1) B-(a- Dy = (4-1) t— (m1 - 1). 
Hence Dy = (pe pa) 0 oes ee (10) 


Equations (9) and (10) enable us to find 7 and p, if we know py 
and observe D and D,. Since by (9) and (10) 


joa Dp 
ee, Deo a ee 
* When a ray passes symmetrically through a prism, the deviation is given by 


sin 4(D+i)=sin $i. When 7 is small, we can write D+ i=yi or D=(u-1)%, but 
this result does not show how the want of symmetry affects the deviation. 
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isd (4D — D, 2 
we find OP oe ee Stee eae (12) 
Subtracting (10) from (9), we find D—D,=(p,—1)7, and thus 
peace PCAs ie A eae: (13) 
fa — 1 


§ 6. Experimental details. The measurements are made by 
the goniometer described in § 2. The collimator AB (Fig. 9) has 
a pair of cross wires at A. ‘These wires are fixed for their pro- 
tection to the inner end of a short tube which slides im the main 


Fig. 9. 


tube of the collimator, and the wires are adjusted to lie in the 
focal plane of the achromatic lens B (of 15 to 20 em. focus). The 
tank C has sides of plane glass, but it is not necessary that the 
tivo sides should be accurately parallel. The collimator is illumi- 
nated by a sodium flame F. If the goniometer D# is properly 
placed, an image of the vertical wire at A will coincide with the 
vertical wire of the goniometer at #. he tank contains the 
liquid of refractive index sy. 

The prism is first placed between the collimator and the 
goniometer, the tank bemg removed, and a reading of the gonio- 
meter is taken. The prism is then turned through 180° about a 
vertical axis and a second reading is taken. The difference 
between the two readings corresponds to 2D. 

The tank is then put into place and is filled with water, and 
the prism is placed in the tank, as indicated in Fig. 9. The 
goniometer reading is taken and then, without disturbing the 
tank, the prism is turned through 180° and a second reading is 
taken, the difference corresponding to 2D,. This reversal of the 
prism eliminates any error due to want of parallelism between 
the sides of the tank. 

If x and 2, be the changes of goniometer reading corresponding 
to D and to D,, the angles will be so small with a suitable prism 
that the corrections given by the Table in § 2 will be negligible, 
and thus we may write 


D=a/2l, D,=2,/21, 
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where J is the length from the centre of the pivot to the edge of 
the goniometer scale, and the angles are expressed in radians. 
Equations (12) and (13) then give w andi. For water 
M, = 1°3334 — 0:00009 (¢ — 15), 

where ¢ is the centigrade temperature. For temperatures near 
15°C. it will suffice to take w,=4 and »—-1=H. 

The method may be employed to find the refractive index of 
a liquid such as a salt solution. If this has the refractive index 
#», and if 2D, be the change of deviation when the prism is turned | 
round in the solution, which is contained in the tank, then, by (13), 


D = ID; = (Ms ah Da, 
and thus fs = 14D = D3) eee (14) 


If the auto-collimating device of the goniometer is used, the | 
collimator may be dispensed with. A plane mirror of good quality 
is placed with its face approximately perpendicular to the axis of 
the goniometer arm when the latter is in its central position. The | 
goniometer wire is then made to coincide with its own image in _ 
each case. | 


§7. Practical example. The following observations were 
made, using the same prism as in § 4. The auto-collimating 
method was used. The value of 7 was 40 cm. 

Observations for D, Prism in air. 

Edge towards left. Readings 11-37, 11:37, 11:37. Mean 11:370cm. 

Edge towards right. Readings 8-41, 8:40, 8-40. Mean 8-403 cm. 

Hence D=$ (11°370 — 8:403)/40=2'967/80=0-03709 radians. 

Observations for D,. Prism in water at 20°C; p,=4. 

Edge towards left. Readings 10°39, 10°38, 10°38. Mean 10383 cm. 

Edge towards right. Readings 9°30, 9-30, 9:30. Mean 9-300 cm. 

Hence D,=$ (10°383 — 9°300)/40= 1:083/80=0-01354 radians. 

By (18), we have for the angle of the prism 
j-T Ws (003709 — 0:01354)=0-07065 radians=4° 9/9, 

[Ll 

By (12), we have for the refractive index of the prism 

_4D-—D, _ 4x 0:03709/3 — 001354 

DZD IN; 03 709-0 01e54 
Observations for D,. Prism in saturated solution of sodium chloride. 
Edge towards left. Readings 10-28, 10:28, 10:27. Mean 10-277 cm. 
Edge towards right. Readings 9:44, 9:45, 9:45. Mean 9:447 cm. 
Hence D,=$ (10:277 — 9:447)/40=0:830/80=0:01038 radians. 
By (14), we have for the refractive index of the salt solution 
Hg=1-+(D— Dz)/i=1 +0-02671/0:07065 =1°378. 


§ 8. Determination of the angle and refractive index of a 
prism by primary and secondary images. When a ray which 
enters a prism ABC by the face AB meets the face AC, the 
greater part of the light is refracted out through that face, but 
some is reflected back into the prism. If this reflected light 


=1°525. 
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_ strikes the face AB, some of it is reflected at that face and again 


falls on AC, where the greater part of it suffers refraction and 
passes out of the prism. If the angle of the prism is small enough, 
some of the light may suffer 4, 6,... internal reflexions, with 
corresponding emergent rays, but the light is so weakened at each 
reflexion that the images due to rays which have suffered more 
than two reflexions will not be easily seen unless the source of 
light is very powerful. 

The minimum deviation of a ray which suffers two reflexions 
is easily found. Let PQYRSTU (Fig. 10) be the ray. Since the 
path is symmetrical AQ = AT and AS= AR, so that SR makes an 
angle 42 with the normal to to at &. But the normal at & 
bisects SRY and hence QRT=4$7—-—41. Thus 


AQR=QRT-QAR=470 — 84, 
and hence the angle between RQ and the normal VQ at Q is 37. 


If TQH be a straight line, then PQH =4D’, where D’ is the 
deviation. Then the angle between PQ and the normal NQ is 
4D'+17%. Hence, by Snell’s law, 

STE) Fie) ane STN A Ntsc tion eee no oe (15) 
When 7 is so small that we can use the angles instead of their 
sines, we obtain 
1D) (CYC SD DEE Aa Late soanto stent (16) 
The minimum deviation (D) for a ray which has not suffered 
reflexion is approximately 
SD (oe DONA teh he hee Sai (17) 
From (16) and (17) we find 
ID Si) 
a 
and Cah DiS SD) eas ses EI (19) 

The measurements are carried out just as in § 6, using either 
a collimator or the auto-collimating device and a plane mirror. 
With »=3, the deviation D’ is seven times as great as D. 
A bright source of light will be required. Unless the inside of 
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the collimator tube is coated with a good ‘ optical black,” so much 


light will be reflected from the sides of the tube that it will be — 


difficult to see the faint secondary image. The difficulty may be 
met by placing the goniometer so that there is a considerable 
distance (80—50 cm.) between its lens and that of the collimator. 
The prism is placed as close as convenient to the lens of the 
goniometer. Under these conditions, when the goniometer arm 
is directed to view the secondary image, the light reflected from 
the sides of the tube will give little trouble. 


$9. Practical example. The following observations were 
made, using the same prism as in § 4. A collimator was used. 

Edge of prism turned towards right. 

Goniometer reading for direct rays, 4°04 cm. 

Reading for primary image, 557 cm. Reading for secondary image, 
14°16 cm. 

Central reading of goniometer scale, 10°00cm. Length of arm, 40 cm. 

The tangents of the three deviations from the central position are 


(10 — 4:04) /40=0-1490 ; (10—5°57)/40=0-1108; (14:16 — 10)/40=0-1040. 
The corresponding angles are, oy the Table in § 2, 
0:1490 —0:0011 =0:1479; 0:1108 —0:0004=0°'1104; 0:1040— 0: 0003 = 0°1037. 
Hence D=01479 — 0:1104=0-0375 radians, 
D'=0'1479+0°1037 ==0°2516 radians. 
When the edge of the prism was turned to the left, similar observations 
gave the values D=0:0372, D’=0'2517 radians. 
The mean values are D=0:03735, D’=0°25165 radians. 
Hence, by (18) and (19), 
ID ID Opies) 
PS DD Os 
i=4 (D'—3D)=$ x0°1396= 0698 radians 
Oc Os 


= 1-535, 


§ 10. Determination of the angle between two nearly perpen- 
dicular nurrors. If two plane mirrors are inclined to each other 
at exactly a right angle, any ray which suffers two reflexions, one 
at_ each of the mirrors, leaves the second mirror parallel to its 
original direction. When the angle between the mirrors 1s not 
exactly 90°, the initial and final rays are no longer parallel. If 
the initial ray is parallel to a principal plane of the mirrors, 
z.e. to a plane which cuts both mirrors at right angles, the angle 
between the two rays is twice the difference between 90° and the 
angle between the mirrors. Let AB, AC (Fig. 11) be a section 
of the mirrors by a principal plane and let the angle BAC be 


ta7+90, so that it exceeds a right angle. Let the ray be PQRS — 


and let BQYP=a. Then, if PQ and SR meet in F, FQR=2a. 
Further, 


ARQ=7-—AQR- CARS a—a—(in+0)=47—-a-ZGO, 
and hence FRQ =2A RQ = 7 — 2a — 20. 


| 
| 
} 
| 
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Thus PPFS=7— FPQR—FRQ=26. It is important to notice that 
the angle between PQ and RS does not depend upon the angle 
of incidence of the initial ray at Q. 


Ise, IL, 


In Fig. 11 the ray PQ falls first on the mirror AB. If, how- 
ever, a ray P'Q’ parallel to PQ falls first on AC, it will give rise 
to a ray RS’ which will be inclined to the ray P’Q’ at the angle 
20, but the deviation of R’S’ from P’Q’ will be in the opposite 
direction to the deviation of RS from PY. Hence a beam of rays 
parallel to PQ, which is wide enough to fall upon both mirrors, 
gives rise to two beams parallel to RS and RS’, these beams 
deviating by equal angles but in opposite directions from PQ. 
In this case we could find by how much the angle BAC differs 
from 90°, but we could not decide whether BAC is greater or less 
than 90°. To do this, we must ensure that the incident light falls 
on only one of the two mirrors—say on AB. 

Thus we can find the value of @ if we can measure the angle 
PFS between the initial and final rays. This can be done by the 
auto-colliimating goniometer. 


S11. Heaperimental details. The apparatus is arranged as 
indicated diagrammatically in Fig. 12. Here AB, AC are the 
two mirrors, LM is the lens of the goniometer, 7 is the totally 
reflecting prism of the auto-collimating device (see Fig. 2), and S 
is a source of light, preferably a small incandescent gas burner. 
When the burner is so close to 7’ that the rays which pass through 
T fill the lens LM with light, two images of the wire W will be 
seen, the wire being midway between the images. If, however, 
the burner is placed at some distance from 7’ in such a position 
that the rays transmitted by 7’ fall only on the mirror AB (as 
indicated in Fig. 12), only one image will be seen. If, as in Fig. 12, 
this single image U is to the left of W, then the angle BAC is 
greater than a right angle; if U is to the right of W, the angle 
is less than a right angle. I owe this suggestion to Mr S. D. 
Chalmers, When the burner is nearly in the proper position, the 


168 Dr Searle, Experiments with a prism of small angle . 


adjustment may be completed by moving the goniometer arm. 
The observation is facilitated if a slit 3 or 4 mm. in width is 
placed near the burner. 


Fig. 12. 


For measuring the angle, a piece of glass millimetre scale is_ 
held against the frame supporting the vertical wire W of the 
goniometer, so that W is in contact with the divided face of the 
scale. To increase the distance to be measured, the flame should 
be placed so that both images are visible. It will be found that _ 
the two images move together with W when the goniometer 
arm is moved. 

If O (Fig. 12) be that nodal point of the lens which corresponds 
to the focal plane WU, then OW=f, the focal length. By the 
property of nodal points, OW and OU are parallel to the two 
parallel beams on the other side of the lens. Thus OW and OU 
correspond to PQ and RS in Fig. 11, and hence, in the case of 
Fig. 12, the angle (@) between the mirrors is 6=tr+4U0W. If 
WU=y, then 


The focal length of the lens may be measured by any of the 
usual methods, but it may be conveniently found without dis- 
turbing the goniometer. A single plane mirror is substituted for 
the double mirror of Fig. 12. As the arm of the goniometer is 
moved through any angle y, the image of the wire moves across 
the focal plane, the displacement of the image relative to the wire 
being the same as if the arm had been at rest and the mirror had 
been turned through the angle y. In this case the reflected beam 
is turned through an angle 2y. Thus, if a change of goniometer 
reading of a cm. corresponds to a change of reading of the image 
on the glass scale of b cm. and if / cm. is the distance from the 
centre of the pivot to the scale, we have b/f=2a/I or 


f= ba :2sh. (21) 
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In the goniometers used at the Cavendish Laboratory, J is 
adjusted to be 40:00 cm. 

A mirror system may be constructed of two mirrors fixed to a 
block of wood. If glass silvered at the back is used, there will be 
a number of reflected images, which will not coincide unless the 
mirrors are absolutely “plane-parallel.” There will be no difficulty, 
however, in deciding if an image corresponds to two reflexions, 
one at each of the silvered surfaces, as this image is much brighter 
than the others. Multiple reflexions may be avoided by using two 
pieces of unsilvered plate glass, covered at the back with black 
varnish, or even, as a temporary measure, with vaseline. 


§12. Practical example. A mirror system consisting of two 
glass plates fixed to a block of wood was used. 


Distance of centre of pivot from goniometer scale =/= 40-00 cm. i 
The focal length of the goniometer lens was found by the method described 
in § 11. 


: . | Reading of ; Reading of | Change of goniometer 

Headline job goniometer Reading of .goniometer | reading for 1:5 cm. 

lass scale lass scale |* 
8 ; scale g scale on glass scale 

6°5 cm. 9°35 cm. 8:0 cm. 10-21 cm. | 0°86 cm. 

7:0 9°64 8°5 10°50 0°86 

1D 9:93 9:0 10°78 0°85 

| 
8:0 10°21 ) > ee 11:06 0°85 


Mean 0°855 cm. 


Hence, by (21), f=bl/2a=1°5 x 40/1°710=35-09 cm. 

The readings on the glass scale of the images due to the double mirror 
were 7°98 and 7°65 cm.; half the difference is 0°165cm. When the burner 
was moved away from the mirror system, as in Fig. 12, so as to illuminate 
the mirror AB only, the surviving image U was to the right of W, z.e. on the 
same side as the burner. The angle between the mirrors is therefore Jess 
than a right angle. Hence, by (20), if @ be the angle between the mirrors, 


p=dn —y/2f=4n —0:165/70-18= 42 — 0002351 
= 90° — 8’"1 =89° 51’-9, 

§ 13. Determination of the angle of a prism of nearly 90°. 
The method of §§ 10, 11 is easily adapted to the measurement of 
such a prism, provided the face opposite the reputed right angle is 
polished, as it must be if the prism is mtended to change the direc- 
tion of rays by refraction. Let ABC (Fig. 13) be a principal 
section of the prism, the angle A being nearly $7. Let PQRSXY 
be the path of a ray, the incidence at Q being nearly normal. By 
§ 10, if BAC = 177+ @, the angle between QR and XS is 26, and, if 
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6 is positive, the point of intersection of QR and XS is on the 


same side of RS as A is, and this is true whatever the angle of 


incidence of QR at R. If BAC is exactly t7, QR and SX are 


Fig. 13. 


parallel and then PQ and XY are parallel also. When, however, 
QR and SX are not parallel, we must take account of the refrac- 
tions at Q and X. Let MQM’, NXWN’ be the normals at Q and X. 
Then sin PQM=ysin RQM’ and sin YXN=ps1n SXN’, where 
1s the refractive index of the prism. Now it is easy to place the 
prism so that the ray PQ which falls upon it from the auto- 
Scions goniometer is nearly normal to BC, and then, if BAC 
is nearly $7, the ray XY will also be nearly normal to BC. We 
may then use the angles instead of their snes and then 
PQM =pRQM’ and YXN=pSXN’, 

and thus the angle between PQ and YX is pw times the angle 
between QR and SX, we. it is 240. The angle between PQ and 
YX is measured by the goniometer by the method of §§ 10, 11 in 
exactly the same way as for the double mirror, If this angle be w 
radians, then y= 26, and the error in the angle BAC is W/2u 
radians. The method indicated in Fig. 12 is used to decide 
whether BAC is greater or less than a right angle. The refractive 
index of the prism must be found by an ordinary spectrometer. 


§ 14. Practical example. The following results were obtained 
with a prism whose angles were nearly 90°, 45°, 45°. The same 
goniometer was used as in § 12. 

The refractive index of the prism was measured by a spectrometer. 
Using one of the smaller angles, the angle (7) was found to be 44° 59’ and the 
minimum deviation (D) was 25° 32’, Hence 

_ sin 5 3(D+7) _ sin 35° 15"5 
sin $7 “sin 22° 29'°5 

The readings on the glass scale of the images due to the prism were 7°70 
and 7°88 cm.; half the difference is 0:09 cm. ‘The value of > is 

0-09/f=0-09/35-09 = 0:00256 radians. 
When the burner was placed so as to illuminate the face AB and not the face 
AC, the surviving image U (Fig. 12) was to the left of W, z.e. on the opposite 
side to the burner. The angle of the prism is therefore greater than a right 
angle. Hence, if A be the angle BAC, 
A=hrt+/2n=1 01 +0:00256/3-018=3 m +0:00085 radians 
=O" 29). 
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Haamples illustrating the use of Integral forms. By R. 
HarcGrReaves, M.A., St John’s College. 


[Received 16 July 1915.] 


The following are examples of the methods described in a 
paper on “Integral forms and their connexion with Physical 
Equations*.” ‘The first deals with the invariance of the electro- 
magnetic equations under a transformation of time and one 
coordinate without assumption as to the functional character of the 
relations. The second introduces a characteristic or generating 
function for electromagnetic action by analogy with Clebsch’s 
theorem in Hydrodynamics. The third connects Clebsch’s form 
in Hydrodynamics with the methods of the paper. 


ExamPLe I. The integral forms to which the electromagnetic 
equations are related, (18) and (21) op. ctt., are 


QO, (e) = [Xdyde +Vdzd« + Zdardy + Vadtd« + Vbdtdy + Vedtdz 


Ratchaneotes (la), 
and 
0,(m)= jadydz + bdzda + cdady — VX dtdx — V Ydtdy — VZdtdz 
eae (1b). 


Any transformation which leaves the electromagnetic equations 
unaltered in form, must also make these forms invariant. We 
suppose a=’, y=y’, but ¢ and z functions of ¢’ and 2’; and make 
no assumption as to the nature of the functions. Then 0, (e) 
becomes 


Oz ot j 2 Oe ot 27).0 Nap) 
[(xB-"e ss) ay ae +(7 wt Vax) de'da’ + Zda'dy 


ae Wee ea: Ob, UX oz AN 
4V (a5, + ap) lide +V (bo 7 a) dtdy 
(Gb 02 CP G2 saa, 
ae G ae 
and we infer that X’...c’ must be given by 
: Oz ot 7 we OZ ot jae 
A= X VOR, Ne Nie VO ar Ge, 
naa YI yp Xe yg (08H 02) 
mci Vel ae. Vat Ga dz’ Ot! 


* Trans. Camb. Phil. Soc. Vol. xxt. iii. 1908. 
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To transform (1b), a and X must be interchanged and the 


sign of V altered; a second determination of X’...c’ is reached, 


valzee 
0 O28 , spre Gt eo , ot Ae 
d=a5,+VYx, V= =) VX, o=6, \ 
po weGs 0 Oe pL MOL atl OL mares Ob Oza On 22) 
Mk ge VV t pa 2-4 


which should be in agreement with the first. The agreement is 
realized, the first and second lines of (2a) become identical with 
the second and first lines respectively of (2 b), if 
Ge G3 Ge i Ge Gn ee a OF 
OH On Ge OG Gh Od T G7 ae 
These are the general conditions defining the relation between 
(t, z) and (t’, 2’) when the forms (1a) and (1b) are invariant. 


The first condition gives pete Z= & , where ¢ is a function of 


OZ’ ot 


(t’, 2’). The second condition gives Cbs Ae from ohh we 


oz V2 ot?’ 
infer that 
p=fe+Vt)+ Fh —Vet). 
The third condition is represented by 
14+ 4V2f" (2/4 Vt) FF! (¢ -Vt)= 


It is not admissible to suppose that any relation exists between 
¢ and 2’, and we are therefore compelled to make f” and F” each 
wornetienn’. Thus 


p= ap he + VEY (vey pee (4) 


with > constant is the only admissible solution. Seeing that for 

¢ and z we are limited to linear functions we may also write 
z=az+ Pt, t=yt +62’; 

and then a=, OE ci io = Il : 


or NOW 


zZ=y2 + Bt, mee, with 7? — 82/V2=1...(6 b): 


Vex 
Whether in this form or that of (4) we are left with the choice 
of one significant quantity, a constant, in terms of which the 
transformation is to be stated. If w= /y is taken for that 


the use of Integral forms 173 


quantity, w is a velocity of translation, and the full specification 
of the transformation is 


2=0, USN, Zane uy), v= v(t we), va ee 
X’=9(x-), Y= (y+ >), Pats 
W—y(o+s), Y= (b-“) € =E val 


The value of X in (4) is V(V + w)/(V — w), and 
p= ai =e 7) (2 + Vt’)? — ( ee 7) C= ve} 


but when the conclusion that only a linear transformation 1s 
possible, is once reached, there is no point in using the function @. 

The form (1b) may be derived from a linear one containing 
vector and scalar potentials, viz. 


Q, (m)= [Fae + Gay patie = Vand ee (7). 


Its invariance under the transformation (6) yields 


HG GH’ = y(H-" Y) ap! = =y(y-"7)- (8). 


The transformation of the derivative of (1a) leads to further 
results. This form is 


Jodeay dz — pu,dtdydz — pv,dtdzdxu — p (w+ w,) dtdady 


if the relative velocities, where density is p, are u,v,w,; which 
on transformation becomes 


| p (" - wr) dax'dy'dz' — pu,dt'dy'dz' — pv, dt'dz'da' — ypw,dt'da'dy’. 


The invariance demands 


/ 1 J / 7 y / / 
p =p mares > Pp Ur = ptr, Pr =Plr, pW, = yew, .-.(9 a), 
and therefore 
1 Lr a yw, 
7 an ra yz = ye 
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defining a correspondence between the components of relative” 
velocity as expressed in the two schemes. 
If we transform in the reverse direction using 


Zz 


Z=y(2—ut), f=y(t yh) 
I pda dy'dz' — p'u,dt'dy'dz' — p'v,'dt'dz'da’' — p'w, dt'da'dy’ 
becomes 


| yp. € + a ) dxdydz— p'u, dtdydz — p'v, dtdzdx 


— yp (w+ w,’)dtdady, 
and so 


p= YP (1 + ye) > Plr=P Ur, PUr—pP Us, 


p(w + w,) = yp’ (w+ w,)...10a), 
and therefore 


Uy Up W + W, 
Ur ao ww ? Uy = ww ’ W + Wy ag ww 
Y @ VP? ) Y (1 1 P?2 ) 1 V2 
or W,= mee (10 b). 


WW, 
We (1 az ) 


The equations (10) are an inversion of (9) through the formula 


, 2 
(1 | (1 = TR | = 


V2 


The geometrical relations of (6) when we form the differentials 
and write 
dz=(w+w,)dt, dx=u,dt,...,dz’ =w, dt’ 
also imply a correspondence between the two expressions of 
relative velocity; which will be found to agree with (9b) or (10b) 
according as we pass from plain to dashed letters or wice versd. 


The agreement is of course a necessary part of the consistency of 
the scheme of transformation. 


Example II. An Electromagnetic Characteristic or Gene- 
rating function. 


The electric and magnetic vectors are given in (1b) which is 
derivable from (7) by the reticular operation. When a single 


source is In question, (7) can be expressed as | rAdu+dd, and d 
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will be ineffective. If for a point-charge e, a disturbance emitted 
at time and place (¢,7,4,2,) reaches a place (xyz) where the vectors 
are sought at time ¢, then with 


r2=(a—-uay, h=t—n7/V, 
and Vs = Vi, — 2 (@ — 2) vse e eee ph (11), 
0, (m) is defined as 


= | (u,da + v,dy + w,dz — Vdt)/s. 
But Vds =Vdr, — Su,dx + Yu2dt, — = (# — a) dt, 
= V°dt — Suda — {V?—Su2+ > (@— a) 4} dt, 
and therefore 


O, (m) = — e oe 


i — Due+ > (@— 4%) ty, 
dt,; 
Vs 
the effective section of which is 
| V?—Su?Z+>(#@—a”,)% 
Vr, — = (#@ — %) 
Forming the derivative ©, (m) we have 


(dt, 0x, Ot, ONG o Ot; ONG Ot, OX, 
X=a (5 ot ot nae pees | dz Oz ae 


— 0, (m) = — dt, =~ Ve, [yndty...(12). 


as values of the ea For the force on a charge e, at (tisY2Z.), 
b 


Bs ot, dy, dt, a 
f= een de dl On)’ 


dt, 0x, Otdy.\ — 
SE,u= eee RE Sun, Saran 
and y EoUs = 612 (5 aE BE x (14), 
do fd) fd) 0 
where Tae ee a a 


This force is derivable from a kinetic potential — eé; = , as 
is readily verified. The reason this modification of kinetic potential 
is possible is that Fu.+ Gv, + Hw, — Vy differs from — Ve,x%, = 


af 


by a quantity es which being a complete time-rate of a 


function yields no force. 
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‘It should be stated that though formulae (13) and (14) lead 
to the usual results, there is no gain but rather loss in facility of 
reaching them. But the form used is striking, and the failure 
to apply it in any advantageous way may well be due to my own 
shortcomings. 


EXAMPLE III. Clebsch’s form in Hydrodynamics. 
The integral form used p. 116 op. cit. was 


= Jude + vdy + wdz+ Tdt, | 


in which 7’ was found to be —f—4 wu, the hydrodynamical 
equations being 


ee Anes ie, f=* + V or \2 +V. 
If we quote the pressure equation in the form 
ftddwt 08 oH 0. (15) 
(cf. Basset’s 1 See then obviously 
rp) OD ty Od Om 
P= aa ee as well as w= ap tM Op? Re (16). 


Thus ©, is identified in respect to all terms with pray + d¢. 
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The resolution of asymmetric quinquevalent nitrogen com- 
pounds. By Jos. Rettty (M.A., M.Se., 1851 Exhibition Scholar), 
Emmanuel College. (Communicated by Professor Pope.) 


[Read 25 October 1915.] 


Many peculiarities have been recorded with regard to the 
varying facilities with which different optically active acids can 
be utilised to effect the separation of asymmetric quinquevalent 
nitrogen compounds into their optically active constituents. In 
the first successful resolution of a compound of this class, namely 
benzylphenylallylmethylammonium iodide, Pope and Peachey 
(Trans. Chem. Soc. 1899, Lxxv. 1127) fractionally crystallised 
the compound obtained by replacing the iodine by the d- or 
[-@-camphorsulphonate radical, yet Wedekind (Ber. 1899, xxx11. 
517) previously had failed to obtain the two modifications by 
repeated crystallisation of the d-tartrate or d-camphoric acid 
derivative. Later, Jones failed to separate dextro- and laevo- 
phenylmethylethylallylammonium d-@-camphorsulphonate into 
its two constituents even after repeated crystallisation from 
various solvents, while he found that the dextro- or laevo-a-bromo- 
camphor-7-sulphonate salt of the inactive base could readily be 
resolved by fractional crystallisation. 

It might therefore be considered that the stronger the 
optically active acid employed to effect the resolution the more 
easily would such a result be achieved. This, however, is not 
always the case as the following results show. Wedekind (Zeit. 
physikal Chem. 1903, XLV. 235), aware of the previous work of 
Pope and his pupils, attempted to resolve p-tolylbenzylmethylallyl- 
ammonium lodide into its two antipodes by the aid of d-8-camphor- 
sulphonic acid, but failed, yet Jones (Trans. Chem. Soc. 1908, Xcut. 
1790, cf. Homer, Proc. Camb. Phil. Soc. 1907, X1v. 11. 196) succeeded 
by fractional crystallisation of the hydrogen d-tartrate. Several 
other instances have been recorded in which resolution 1s brought 
about by the aid of the comparatively weak acids, d- or /-tartaric 
or d- or l-camphoric, where the much stronger acids such as d- 
or J/-8-camphor-sulphonic, or d- or /-a-bromocamphor-7-sulphonic 
have been unsuccessful. 

Racemisation effects have been advanced as the cause of 
non-resolution in many cases. A similar explanation has been 
put forward to explain the failure to separate into dextro- and 


178 Mr Reilly, The resolution of 


laevo-modifications certain cyclic ammonium compounds such as 
the a- and @-substituted pyridinium compounds or the tetra- | 
hydroquinoline derivatives of the type C,H,NR’R’X. These 
compounds should be capable of existing as optical antipodes 
since their molecules have no plane of symmetry (Jones, 7’rans. 
Chem. Soc. 1903, LXxxi1. 1400). In other cases it is thought that 
hydrolytic dissociation of the salts will account for the results 
obtained. In the particular compounds studied in the present 
work neither of these theories has been found sufficient. Similar 
solubilities of the two derivatives formed from the dextro- and — 
laevo-base and the optically active acid would seem to be a 
simpler explanation. This selective action of optically active 
acids, in their power to bring about the resolution of externally 
compensated compounds, noticeable much more frequently in the 
case of nitrogen than of carbon derivatives, would suggest that 
the non-resolution in particular cases is due to some other causes 
than those indicated. 

The present work was undertaken in order to investigate more 
fully this selective action of optically active acids. The original 
quaternary iodide resolved by Pope and Peachey (Trans. Chem. 
Soc. ibid.) is readily obtained in the dextro- and laevo-forms by 
fractional crystallisation of the d- and /-8-camphorsulphonates of 
the inactive ammonium base and reformation of the iodides by 
the action of aqueous potassium iodide. If a-bromocamphor- 
m-sulphonic acid is substituted for @-camphorsulphonic acid in 
the above experiments, a similar separation 1s much more difficult 
to obtain on fractional crystallisation of the a-bromocamphor-7- 
sulphonate. ‘To ascertain if racemisation sufficiently accounts for 
the different behaviour of the @-camphorsulphonates and the 
halogenated compounds, an attempt was made to obtain the pure 
dextro- and laevo-compounds of the base with dextro- and laevo- 
a-bromocamphor-7-sulphonic acid by an indirect method and so to 
test the hypothesis by actual experiment. 

By the reaction of anhydrous silver d-a-bromocamphor-7- 
sulphonate with d-benzylphenylallylmethylammonium iodide in 
dry acetone under certain conditions the compound, d-benzyl- 
phenylallylmethylammonium d-a-bromocamphor-7-sulphonate, was 
obtained in a pure form. 

By combination of the dextro- and laevo-iodide with silver 
dextro- and laevo-a-bromocamphor-7-sulphonate under different 
conditions the following compounds were obtained: dBdA, dBlA, 
IBIA and IBdA. 

Preliminary study of these compounds has shown that they are 
of the same order of stability as the corresponding §-camphor- 
sulphonates and show only a very slight tendency to racemise. 

A solution of 0°1655 grams of d-benzylphenylallylmethylam- 
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monium d-a-bromocamphor-7-sulphonate (melting at 155—-159° C. 
with decomposition) in water at 14°C., gave [a]p =81'5°. After 
two months in a thermostat at 20°C., the same solution gave 
[a]p =79°9°. On boiling the solution, however, it became cloudy, 
oily globules making their appearance. The pure compound can 
be recrystallised from dry ethyl acetate without any racemisa- 
tion occurring. On recrystallisation from alcohol a slight fall in 
the rotatory power is observed, while on crystallisation from 
chloroform solution the fall is more marked. Further study of 
the properties of these compounds is in progress. 

The above investigation was undertaken on the suggestion of 
Professor Pope, to whom the thanks of the author are due both 
for the suggestion and for his continued interest during the work. 
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On a little-known concealed coalfield in Oxfordshire. By E. A. 
NEWELL ARBER, Sc.D., F.G.S., Trinity College. 


= 


[Read 22 November 1915.] 


At the present time the existence of only two wholly con- 
cealed coalfields has been proved in this country. Both of these 
lie in the very large hidden area to the South of the Midland ° 
fields, and to the Hast of the exposed or partly exposed fields of 
the West of England. This district, including the Home and- 
Southern Counties and East Anglia, may be conveniently sub-— 
divided, though in a purely arbitrary manner, into two nearly” 
equal halves by a line joining Bristol and London. In the more 
Southern section lies the Ként coalfield, which is still the only 
wholly concealed Coal Measure area of which we have any real 
knowledge. It was first proved in 1890. ; 

The fact however is often overlooked that the first entirely — 
concealed field discovered in England lies in part at least in 
Oxfordshire, in the Northern section of our district. Coal 
Measures were here proved in or before 1877, in a boring at ~ 
Burford Signet near Witney. It is true however that, with the 
possible exception of another boring at Lower Lemington near 
Batsford, the details of which have only recently been made known 
to us, no progress has since been made in the matter of probing 
the nature, extent and resources of the Oxfordshire field. 

While unfortunately no new facts are available for publication 
here in regard to this coalfield, it may be worth while to reconsider 
briefly the present evidence, in the light of the better knowledge 
which we now possess of the adjoining coalfields, 

The accounts which have been published of the Burford 
Signet Coal Measures are neither so explicit nor as detailed as 
one could wish. Situated a little to the South of Burford, and 
to the West of Witney in the S.W. corner of Oxfordshire, not far 
from the Gloucestershire border, the boring in question was put 
down between 1875 and 1877. The Mesozoic cover of Jurassic 
and Triassic rocks was only 1184 ft. in thickness. The o.D. of 
the boring was 350 ft. Translating the record with reference to 
this constant, we find that the Coal Measures were struck at 
834 ft. o.D. and that 226 ft. of the same rocks were penetrated*. 

* De Rance, C. H., Trans. Manchester Geol. Soc., Vol. xiv. p. 437, 1878; Rep. 


Brit. Ass. Dublin (1878), p. 382, 1879; see also Woodward, H. B., Jurassic Rocks 
of Britain, Vol. 1v., Mem. Geol. Surv., 1894, p. 803. 
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The boring ended in Coal Measures. These are described as 
alternations of red and grey sediments, dark shales alternating 
with red marls, and pale or red or green sandstones. Only one 
seam of coal was proved, the thickness of which was not stated. 
It was however probably quite thin. 

There is only one other boring at present, which may throw 
any light on the results obtained at Burford. Between 1901—4 
a boring was put down near Batsford, or more correctly at Lower 
Lemington in Gloucestershire. The full details of these cores were 
first published in 1913*. Here 1021 ft. of Jurassic and Triassic 
cover were penetrated, the 0.D. being 380 ft. The Coal Measures 
were struck at 641 ft. 0.D., and the boring passed into Silurian 
rocks at 1546 ft. from the surface (1166 ft. o.D.). The Coal 
Measures were thus only 5244 ft. thick. 

The measures are described as sandstones and conglomerates, 
with grey and red shales and red marls. No coals were proved, 
but coal veins occur in the arenaceous beds. These measures 
have been termed Upper Coal Measures, and one bed of sand- 
stone is described as “resembling Pennant.” In addition to 
specimens of Anthracomya and Ostracoda, a small flora was 
obtained from the measures, which will be further discussed here. 

It is by no means certain that the measures penetrated at 
Burford and Batsford belong to the same coalfield, though I am 
inclined,.on the whole, to make this assumption. The distance 
between the two borings is about 15 miles, along an almost due 
North and South line, and, so far as this matter is concerned, there 
is nothing against the view that the measures proved in the two 
borings belong to the same field, seeing that the major axes of 
the neighbouring fields all trend more or less North and South. 
There is also a very strong lithological similarity between the 
rocks proved at each boring. They appear to consist of red-grey 
sediments, the presence of red clays or marls being, as we shall 
see, remarkable. 

The field proved at Burford may be conveniently distinguished 
as the Oxfordshire Coalfield. No other concealed field is of 
course known at present from this county, whereas several distinct 
eoalfields occur in Gloucestershire. It is also probable that 1it 
may eventually be found to transgress into Gloucestershire, 
Warwickshire and Worcestershire. In the neighbourhood of 
Batsford, which is actually in Gloucestershire, county boundaries 
become very intricate, no less than four shires being involved. 
As is well known the application of county names to coalfields is 
frequently misleading and unwise, since the fields often overflow 
into neighbouring counties. For this reason it may eventually be 


* Strahan, A., Batsford (or Lower Lemington) boring, near Moreton-in-Marsh, 
Summ. Progr. Geol. Surv. for 1912, p. 90, 1913. 
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necessary to abandon the provisional suggestion as to the name 
employed here. At the present stage of our knowledge, however, — 
the term Oxfordshire Coalfield seems to be the simplest solution — 


of the difficulty. 


Assuming that we are dealing in the case of these two borings 


with one and the same coalfield, the next point to consider is the 
evidence of the palaeobotanical horizon. No plant remains appear 


to have been found at Burford, nor are any recorded. The small 
- flora recorded from Batsford is unfortunately not sufficiently large 
to be quite conclusive as to the horizon. However there is no — 
doubt that it must. belong to either the Upper, or the Transition — 


Coal Measures. The most important and abundant species are 
Pecopteris Miltons (Art.), Neuropterts Scheuchzert Hoffm., N. 


rariervis Bunb., and Cordartes principalis (Germ.). The last 
is nob an Upper Coal Measure plant. All the other species are 
commonly associated in Kent as a Transition Coal Measure 
assemblage. Two other Neuropterids (VV. flecuosa Sternb. and 
NV. ovata Hoffm.) are also frequent on this horizon, though, like 
the others, not confined to it. Thus, while admitting some un- 
certainty as to the horizon, I am impressed with the possibility 
of it being Transition Coal Measures. 

From this reconsideration of the evidence I arrive at the 
provisional conclusion that, in the Oxfordshire field, there are 
probably Transition Coal Measures of a red-grey facies. 

These measures at Batsford overlie Silurian rocks, and are 
probably near an outcrop, which may or may not be the Northern 
outcrop of the field. It is therefore probable that neither the 
Middle nor the Lower Coal Measures are represented in this area, 
unless there be some purely local peculiarity of the field in this 
neighbourhood. The beds at Burford much further South, pro- 
vided they belong to the same field, will thus prove to belong 
to the same, or to an even higher horizon than at Batsford. 

I come now to a comparison with the results which have 
recently been obtained in the coalfields which lie to the West and 
Northwest of the Oxfordshire field. A line joming Burford and 
Batsford, and produced northwards, would run in the concealed 
ground between the South Staffordshire and Warwickshire coal- 
fields. With these areas however there is no real comparison. 
It is true that, i both fields, red-grey measures belonging to the 
Transition Series occur, but these are underlain by productive 
Middle Coal Measures, which appear to be entirely wanting in 
the Oxfordshire field. These three fields however agree in the 
absence of Lower Coal Measures, and in the fact that the measures 
rest directly on Silurian rocks in South Staffordshire and Oxford- 
shire, though on Cambrian in Warwickshire. 

With the most southerly of the coalfields of the Welsh 


} 
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Borderland, the comparison is closer. The southern field of the 
Wyre Forest-Coalbrookdale area* consists entirely of red-grey 
Transition Coal Measures, resting, not it is true on Silurians, but 
on Old Red Sandstone. Still further South, and due West of 
the Burford-Batsford line, we have the little known and almost 
entirely concealed field of Newent}, near Gloucester, where exactly 
the same phenomena are observed. 

With the fields lying to the Southwest of Batsford, there is 
no comparison. No red-grey beds occur in the Forest of Dean, 
where the whole of the measures belong to the Upper Coal 
Measures}. In the Somerset field, with its Bristol outlier, Tran- 
sition Coal Measures occur, but the lithological facies of the rocks 
is entirely different. The only red beds known to me here are 
the red shales, between the Radstock and Farrington Series, of 
130—250 ft. in thickness. The horizon of these beds is Upper 
Coal Measures. 

Thus the closest comparison with the Oxfordshire field appears 
to me to be with the Wyre Forest and with Newent, both as 
regards horizon and in respect to the lithology, and, so far as our 
present knowledge extends, it looks as if this concealed area would 
eventually prove to be of the same type. It is much to be hoped 
that further explorations will be made in this field. At present it 
must be confessed that the economic prospects of the area do not 
appear to be very promising. It cannot however be claimed that 
these two borings have done more than to prove the existence of 
the field, the real resources of which remain quite unknown. It 
must be further borne in mind that the red-grey Transitions of 
the two neighbouring fields above mentioned are both productive, 
at least along their Western margins. The Wyre Forest field is 
still being actively worked. The Newent area has been worked 
at various periods, though the extent and resources of this almost 
entirely hidden field have never been ascertained. These facts 
are at least in favour of a more thorough exploration of the Oxford- 


shire field. 


* Arber, Phil. Trans. Roy. Soc., Ser. B, Vol. 204, p. 363, 1914. 
+ Arber, Geol. Mag., Dec. v. Vol. vit. p. 241, 1910. 
~ Arber, Phil. Trans. Roy. Soc., Ser. B, Vol. 202, p. 233, 1912. 
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D.Se. Lond., M.A., Christ’s College, Cambridge, and Liverpool 
School of Tropical Medicine, and ANNIE Porter, D.Sc. Lond., 
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At the present time, when the conservation of life is so 
important, 11 may be well to give a short account of some — 
of the protozoal organisms associated with dysentery, more 
especially as the literature relating to many of these parasites is 
scattered or in relatively little-known journals, some of which 
are published in South America. These notes are based on 
personal knowledge and examination of cases from the Medi- 
terranean regions during the present war, and are presented in 
the hope that they may be of service to those having charge of 
dysenteric cases from those parts. 

Briefly, the chief types of dysentery may be classified as 
bacillary and protozoal. The former cannot be dealt with here. 
Dysenteries of protozoal origin may be grouped as amoebic, 
flagellate and ciliate. Cases of multiple infections of these 
parasites with each other or with bacilli causing dysentery may 
be encountered. 


Amoebic Dysentery. 


The best known of the protozoal dysenteries is that due to 
Entamoeba histolytica. This organism is polymorphic. The life- 
cycle, as now accepted, has been worked out more particularly by 
Darling, and James and Deeks in the Panama Canal zone, while 
its successful treatment by emetine has been brought forward 
chiefly by Rogers. 

Entamoeba histolytica is found in freshly voided stools that 
are usually blood-stained and contain strings of mucus. The 
entamoebae when active show pseudopodia, at first chiefly com- 
posed of ectoplasm. The endoplasm usually contains a number 
of red blood corpuscles and other débris. The nucleus of the 
form of this organism that used to be termed JZ. tetragena may 
show a karyosome and a centriole. 

The Entamoeba multiples by binary fission and also by 
schizogony, four merozoites being produced. Encystment occurs, 
and the round cysts finally produced measure 12m to 15m in 
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diameter. The mature cysts contain four nuclei, as well as 
darkly staining masses of various shapes known as chromidial 
_or crystalloidal blocks. The tetranucleate cyst is characteristic 
and diagnostic, and the cysts are the infective stages. 

A patient showing acute symptoms of dysentery is not wholly 
infective, for he is often merely harbouring the large trophozoites 
of H. histolytica which, by animal experiments, have been shown 
usually to be non-infective when fed by the mouth. The stools 
of convalescent and recovered patients may still contain cysts, 
and so such persons may act as carriers of the disease. In return 
cases, or cases that have remained without treatment for a long 
time, a generation of smaller trophozoites is associated with or 
replaces the larger ones. These smaller forms are the senile or 
pre-cyst generation of Darling. These small entamoebae were 
described separately by Elmassian in 1909 as Entamoeba minuta, 
from a case of chronic dysentery in Paraguay. 

Follicular abscesses followed by ulcers, due to L. histolytica, 
occur in the large intestine. The entamoebae may invade the 
liver, producing abscesses in that organ. 

In the stools of sub-acute cases of amoebic dysentery which 
we have examined, uninucleate or tetranucleate cysts were 
observed. 

The dysentery-producing amoebae must be distinguished from 
Entamoeba colt, a parasite which may be found in the alimentary 
tracts of healthy persons. J. coli divides by binary fission or by 
schizogony into eight daughter forms. The cysts contain “eight 
nucle1 when mature. They measure about 15w to 20m in 
diameter, and so are slightly larger than those of HL. listolytica. 
The cyst wall of #. coli is thicker than that of H. histolytica, 
and the former cysts rarely contain chromidial blocks, while the 
trophozoites very rarely ingest red blood corpuscles. 


Flagellate Diarrhoea and Dysentery. 


The examination of the stools of a number of patients from 
Gallipoli, who showed dysenteric symptoms, revealed the presence 
of various flagellates. These Mastigophora include Trichomonas 
hominis (also called YT. intestinalis), Chilomastia (Tetramitus) 
mesmili, Giardia (Lamblia) intestinalis, and Cercomonas hominis. 
Most of these organisms are either complicated in structure or 
relatively little known. While some workers may consider some 
of these flagellates to be non-pathogenic, others have found them 
to be excitants of diarrhoea and dysentery. Among these latter 
workers are some of the principal parasitologists of South 
America and the French Colonies, while their publications are 
of recent date. 
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Trichomonas hominis (or T’. intestinalis) as found in the intestine 
is pear-shaped, with three free flagella at the blunt or anterior 
end, a lateral flagellum attached to the body by an undulating” 
membrane and an axial rod running towards the pointed end of | 
the body from near the anteriorly placed nucleus. The flagellate | 
measures about 10m to 154 by 5u. Rounded, contracted forms — 
may be found in the faeces, the occurrence of encysted forms being — 
disputed. Similar trichomonads occur in rodents such as rats — 
and mice. Possibly these act as reservoirs of the parasites. 
There is also reason to believe that the trichomonads may be 
water-borne. Regarding pathogenicity, it may be remarked that, 
among recent workers, Mello-Leitao (1913) has found 7. hominis — 
in relatively benign dysentery in children in Rio de Janeiro. 
Kscomel (1918) found 152 cases of dysentery im Peru due solely — 
to Trichomonas. In some of the dysenteric cases invalided from — 
Gallipoli, it has been found that the Trichomonas is coexistent 
with one or other of the dysentery bacilli. Such mixed infections — 
have led certain workers at home to consider trichomonads as 
of little pathogenic importance, but others do not hold this 
opinion. 

Chilomastix (Tetramitus) mesnili. This flagellate, first described — 
from human faeces in 1910, is allied to Trichomonas, but Chito-— 
mastic mesnili has a large cytostome, hence its former name, 
Macrostoma mesnil. Three anterior flagella are present, and a 
fourth one (perhaps attached to an undulating membrane) occurs — 
in the cytostome or oral groove, and vibrates therein. An axial — 
rod or axostyle is absent in the organisms, which are pear-shaped, 
with vacuolated cytoplasm, and may measure 14u by Typ. 
Brumpt (1912) considers Chilomastiz to be the causal agent of 
a colitis, but Nattan-Larrier hardly shares his opinion. Such 
flagellates have been found by us in the fresh faeces of patients 
from the Mediterranean. 

Goardia (Lamblia) intestinalis is a somewhat complicated 
flagellate protozodn exhibiting bilateral symmetry. Hight fla- 
gella, arranged in four pairs, are present. The organism also — 
contains two axostyles, and two nuclei, each with a karyosome, 
are present. On the under surface. there is a concave depression 
or sucking disc anteriorly. The organism is from 10m to 21 
long and 54 to 12 broad. 

The parasite occurs in the small intestine of man, and closely 
allied forms, probably only varieties of Giardia intestinalis, may 
be found in rats, mice, rabbits and guinea-pigs. The flageliates 
attach themselves by their sucking discs to the epithelial cells 
of the duodenum and other parts of the small intestine of their 
host. They do not appear to multiply as flagellates, but division 
occurs within the resistant cysts that are produced. The rounded 
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or oval cysts, containing four nuclei and the remains of the 
axostyles, may be found in the faeces of diarrhoeic patients. In 
Indo-China, many cases of lamblial dysentery have been described 
by French investigators. In 1879 Grassi observed this flagellate 
in mice and subsequently in man in Italy. By experiment on 
himself he proved that infection took place by ingestion of the 
cysts. Cereal foodstuffs, contaminated with Lamblia cysts from 
the vermin of the locality, such as rats and mice, serve to convey 
the infection to man. Mathis (1914) in Tonkin found infected 
rats and mice in the houses of patients. He also discovered 
healthy carriers of Lamblia cysts. 

The much-discussed Cercomonas hominis has also been found 
by us in the stools of dysenteric patients from Gallipoli. 


Notes on Geographical Distribution and Recent Treatment of 
Flagellate Dysenteries. 


‘Escomel (1913) recommends the use of essence of turpentine 
for Trichomonas dysentery. Derrien and Raynaud (1914) found 
this treatment effective in cases in Algeria. Other cases have 
occurred in the Southern United States and were treated with 
thymol and calomel at night, followed by Carlsbad salts in the 
morning. Escomel, Smithies and others have found the flagel- 
lates in water reservoirs and in unfiltered surface waters which 
were in use for drinking purposes. In Peru, after the cleaning 
of the reservoirs and consequent removal of the flagellates, the 
cases of dysentery ceased. As Stiles points out, when flagellates 
or amoebae are found in 10 to 40 per cent. or more of the 
members of a community, means should be taken to improve 
the methods for the disposal of dejecta in order to safeguard the 
food supply against faecal contamination. Such contamination 
may occur by the agency of rodents, flies, and water. 

Dysentery due to the allied flagellate, Chilomastiw (Tetra- 
mitus) mesnil, has been recorded within the last three years by 
Brumpt from France, by Nattan-Larrier from the Ivory Coast, 
by Marques da Cunha and Torres from Brazil, by Gabel from 
Tunis, and we have seen cases from Gallipoli. Methylene blue 
has been recommended for the treatment of such cases. 

Giardia (Lamblia) intestinalis has been studied recently in 
Tonkin by Mathis (1914), who pointed out that the patients’ 
homes were infested with rats and mice. According to Noe, 
Lamblia may be water-borne, while healthy carriers of cysts are 
known. Emetine hydrochloride may be useful in killing the 
flagellate forms, but apparently has little action on the cysts. 
Magnesium sulphate has been recommended, also milk diet with 
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calomel treatment. Uzara tablets and extract of male fern have 
been recommended by certain investigators. 


Spirochaetes, some of them resembling S. ewrygyrata, Werner, 
were found in the faeces of certain patients. 


Ciliate Dysentery. 


Balantidium coli is the chief causal agent of ciliate dysentery. 
The parasite is relatively large, with an oval body, 60 to 100m — 
(or even 200) long by 50 to 70u broad. There is a funnel- 
shaped cytostome at one pole. The organism has a macronucleus — 
and a micronucleus, and two contractile vacuoles. A cytopyge 
is also present. Occasionally, ingested blood corpuscles are found 
in the endoplasm. The parasites form round cysts. 

A smaller species, Balantidiwm minutum, is ‘also known. 

Balantidia occur in the large intestine of man and in the 
rectum of the domestic pig. The parasites are able to pene- 
trate the intestinal walls of man and give rise to ulcers, though 
these are rare in pigs. Epidemics have also been recorded in 
monkeys. 

Cases of balantidiasis occur especially among swineherds, and 
farm hands dealing with pigs, pork butchers and persons engaged 
in similar occupations. Personal cleanliness of such people is, 
then, of the greatest importance, while pigs should be confined 
and not allowed to run in yards and dwellings. As swineherding 
is an important occupation in Serbia, the possibility of balan- 
tidial dysentery among troops operating in that country must 
be borne in mind. The disease is widely distributed in various 
parts of the world. 

Treatment. The use of thymol has yielded good results, 
and some have recommended the further use of de-emetinised 
ipecacuanha to destroy any persistent balantidia. Hnemata of 
collargol or protargol may be tried. The direct effect of eme- 
tine is disputed. 


| 
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Introduction. 


Recently, we have published the results of a number of our 
experiments, extending over some years, on the introduction of 
certain insect flagellates into various vertebrates, belonging to the 
Pisces, Amphibia, Reptilia and Mammalia. For some time past, 
we have been testing the pathogenicity of certain insect flagellates 
with respect to birds, the last great group of European vertebrates 
that had remained untested by us. The present paper records the 
results of introducing Herpetomonas jaculwm, Léger, and H. culicis, 
Novy, MacNeal and Torrey, into birds. As long ago as 1907, 
Drs Edm. and Et. Sergent briefly recorded and figured a herpeto- 
monad that they had found in the blood of a pigeon. This fact is 
of much interest. Many birds are found dead every year from 
unknown causes, old age and accidents being excluded. Some of 
our experiments, coupled with the fact that the crops of the birds 
often contain insect remains, suggest that undetected herpeto- 
moniasis may be the cause. 

We have much pleasure in thanking Professor G. H. F. Nuttall, 
F.R.S., for his kind interest in our researches, and for looking at 
many of our preparations. 


Material and Methods. 


The birds used were canaries (Serinus canarius), sparrows 
(Passer domesticus) and martins (Chelidon urbica). The insects, 
Nepa cinerea and Culex pipiens, were obtained chiefly from the 
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neighbourhood of Cambridge, and some of the Culex larvae were 
bred out and identified. 

The birds were fed either with the entire insects containing 
herpetomonads, or with the alimentary canals that had been 
removed. There was usually no difficulty over the feeding. After 
the infective feed had been given, grain and shredded cooked meat 
or egg were given as food. | 

Blood smears of the experimental birds were taken at intervals, 
and smear preparations of the organs were made at death. Wet 
fixation by osmic vapour followed by absolute alcohol, or Bouin’s 
fluid was used, and the preparations were stained with Giemsa’s 
solution or iron haematoxylin. Control birds were kept and 
remained healthy. . 


Eaxpervmental Work. 


Herpetomonas jaculum has been shown by us to be capable of 
infecting certain fish, amphibia, snakes and mice. It has also 
proved infective to birds. The use of H. culicis was suggested by 
finding the remains of many Culex in the crops of some sparrows 
and martins found dead and sent to us for examination. ‘They 
had been too long dead to allow of the detection of herpetomonads, 
had any been present. 

A short outline of the experiments may be given. 

Eapervment 1 (H.B.F.). A female canary was fed on the 
intestines of two Nepa cinerea containing Herpetomonas jaculum 
and on two infected nymphs. The bird weighed 26 grams. It 
died 51 days later, when it weighed 10:2 grams. At post-mortem, 
the body was much emaciated, the liver seemed normal, the spleen 
slightly enlarged and the suprarenal bodies were very hard and 
frm. Non-flagellate, leishmaniform parasites were found in 
smears of the heart, liver, spleen, lungs, kidney and bone-marrow. ~ 
Hlongating forms occurred in the liver and also a few typical, 
flagellate herpetomonads. Non-flagellate elements were more 
abundant than flagellate forms. 

Experiment 2 (A.P.). A female sparrow was fed with a 
number of larvae and adults of Culex pipiens containing H. 
culicis. Four days after feeding, a blood smear showed a single 
non-flagellate herpetomonad. On the ninth day of the experi- 
ment, the bird died suddenly. The liver and spleen were softish, 
the bone-marrow small in quantity and more fluid than usual. 
The other organs were normal. Stained preparations of the organs 
showed that, as in the case of the canary, there was a generalised 
infection of the parasite. The flagellate form of H. culicis pre- 
dominated. The heart, liver, lungs, kidneys and suprarenal bodies 
contained well developed flagellates. Non-flagellate forms were 
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present in them as well as in the bone-marrow. Dividing leish- 
maniform parasites were found in the heart and liver; elongating 
elements in process of division occurred in the bone-marrow, while 
fully developed flagellates in various stages of division were found 
in smears of the heart, liver and lungs. 

Haperiment 3 (H.B.F.). A young male martin was fed with 
larvae and mature Culex pipiens, containing Herpetomonas culicis. 
It lived twelve days after the infective feed. Blood smears taken 
during the course of the infection were negative. At post-mortem, 
the condition of the bird and the distribution of the parasites 
were found to be the same as in the case of the sparrow detailed 
in Experiment 2. 

Eapervment 4 (A.P.). A young female martin was inoculated 
subcutaneously with H. culicis. It was frightened and died after 
two days. No infection appeared to have taken place. 

Haperiment 5 (A.P.). A young male canary was fed with the 
faeces of Nepa cinerea, the excrement which contained H. jaculum 
having been collected on a slide and mixed with bread. Blood 
examinations were made at intervals. The bird lived 17 days 
after the infective feed. A few non-flagellate forms were found on 
the 7th and l1thdays. At post-mortem, a few non-flagellate forms 
were found in the liver and spleen, elongating parasites in the liver 
and bone-marrow, and a few flagellates in the liver. The heart 
blood and tissue contained some multiplicative forms. 

Experiment 6 (H.B.F.). A young male martin was fed with 
the faeces of several larvae and adults of Culew pipiens, mixed 
with small quantities of boiled mutton. The Culex faeces con- 
tained post-flagellate or encysted stages of H. culicis. The bird 
lived 32 days after the infective feed. The body was somewhat 
emaciated at death. Non-flagellate forms of H. culicis were 
present in the spleen and lung, elongating forms in the bone- 
marrow and a very few flagellate stages in the spleen. 

Eupervment 7 (H.B.F.). A female sparrow was fed with the 
faeces of Nepa cinerea containing H. jaculum. On the 11th 
day after the infective feed, a probable parasite of the elongating, 
flagellate type was seen in the blood, but no others have been 
seen since. The bird is growing somewhat thinner, but is still 
alive at the time of writing, and infection appears doubtful. 

Experiment 8 (A.P.). A female canary was fed with food con- 
taminated with H. culicis. As usual, blood smears were taken 
at intervals. No parasites were found. After 80 days, the bird 
was killed, but no herpetomonads were found on examination of 
organ smears. 

In connection with these experiments, it should be remembered 
that the flagellates of the insect hosts rarely coexisted with many 
bacteria. In common with certain other workers, we found that 
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when the insects contained many bacteria, the protozoal flagellates 
usually disappeared. Further, some digestion experiments per- 
formed by us have shown that many bacteria introduced into the 
digestive fluids of the bird’s stomach are destroyed by the same, 
while the flagellates are but little affected. This is not surprising, 
since certain protozoal infections of man are known to flourish 
in an acid medium, and are combated by the use of alkaline 
substances. 


The Morphology of the Parasites in the Insect and 
Avan Hosts. 


The morphology. of Herpetomonas jaculum and H. culicis in 
the insect and avian hosts shows little difference. Where the 
infection of the birds was of the chronic type, the non-flagellate, 
leishmaniform bodies were more numerous 1n organ smears, while 
in the acute cases the flagellate forms preponderated. We would 
point out that, while such was the case in these experiments of 
ours, we do not consider that any generalisation can yet be made 
therefrom. However, it may be noted that Monge (1914), dealing 
with the flagellate stages of Leishmania tropica in man in Peru, © 
states that the presence of such flagellate stages may be an 
indication of increased virulence. 

Herpetomonas jaculum, as found in our experimentally infected 
birds, showed non-flagellate and flagellate forms in various stages 
of growth and division. The non-flagellate parasites were from 
4 to 66 long by 2 to 54 broad. They were oval, the nucleus. 
being usually homogeneous but occasionally showing a karyosome, 
the blepharoplast occupying various positions in the body, as it 
does in the parasite as found in the insect. 

Full grown flagellates were comparatively rare in the birds. 
They were morphologically like those in the insect host, but the 
maximum size, as In previous experiments, was not quite attained. 

Herpetomonas culicis in the Culex, sparrow and martin had 
the same appearance. The non-flagellate forms were oval or 
pyziform, measuring 4w to 6m by 24 to 4yu. Non-flagellates in 
various stages of division occurred. The flagellates were elongate, 
their body length varying from lly to 16m, and their breadth 
from ld to 36u. The nucleus was usually granular, only 
occasionally karyosomatic. The blepharoplast was always con- 
spicuous and varied from round to barlike. Multiplication of 
non-flagellate and flagellate forms by binary, longitudinal division 
occurred, 
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Natural Herpetomomasis in Birds. 


It is of much interest to note that in 1907 Drs Edm. and Et. 
Sergent published a short account of a herpetomonad which they 
found in the blood of a pigeon, when they were working on the 
relation of Haemoproteus columbae in pigeons to its second host, 
the fly, Lynchia maura. The body of the herpetomonad was 
straight and drawn out, measuring 17m to 224. The flagellum 
measured 194 to 354. The elongate nucleus was not as wide as 
the body. The blepharoplast was large, spherical and deeply 
staining. 

The source of the herpetomonad is not known with certainty. 
We have heard from Dr Sergent that, so far as he was aware, his 
Lynchia were not infected with herpetomonads. It is possible 
that the bird may have had a latent herpetomoniasis contracted 
direct from insect hosts. 


General Conclusions. 


The general conclusions, resulting from the series of experiments 
presented to this Society, may now be shortly indicated. Under 
suitable conditions, insect flagellates can be introduced into verte- 
brate hosts and produce infection therein. In some cases, as in 
cold-blooded vertebrates, little obvious ill-effect results; in others, 
as In mammals and birds, disease is manifested. Similar infections 
are known to occur naturally in some cases, as in mice and 
pigeons. 

The flagellates, such as herpetomonads, thus introduced, retain 
their powers of development on the same lines as when they were 
present in the insects. Leishmania has the same morphological 
cycle as Herpetomonas. The various species of Leishmania are 
probably insect herpetomonads, long since introduced into man 
and usually perpetuating the non-flagellate form, though capable 
of assuming the flagellate, herpetomonad facies in the internal 
organs of the vertebrate or in the invertebrate host. 

Various vertebrates—fish, amphibia, reptiles, birds and mam- 
mals—may serve as reservoirs of leishmaniases, The virus may 
be very attenuated and so escape detection. 
| Leishmaniasis, which is a form of herpetomoniasis (lepto- 
- moniasis), is a flagellosis, as is also trypanosomiasis. 


Summary. 


1. Herpetomoniasis can be induced in birds, for example, 
canaries (Sermnus canarius), sparrows (Passer domesticus), and 
martins (Chelidon urbica), by feeding them on material containing 
herpetomonads. 
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2. Herpetomonas culicis from Culex pipiens and H. jaculum 
from Nepa cinerea have infected birds when fed to them. The 
cycle of the flagellates in the avian hosts resembled morpho- 
logically that in the insects. 

3. The disease induced may run an acute or a chronic course. 
In the acute cases in our birds, the flagellate form of the parasite 
was the more obvious at death. In the chronic cases, the non- 
flagellate forms were the more numerous. 

4. Natural herpetomoniasis of a pigeon has been recorded by 
Drs Edm. and Et. Sergent in Algeria. This affords a parallel case 
with the natural and induced herpetomoniasis in mice previously 
recorded by us. 

5. Members of all classes of vertebrates may be capable of 
acting as reservoirs of herpetomoniasis, and the virus may exist in 
a very attenuated condition and so be difficult of detection. 
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§1. Notation for stops. The stops of a photographic lens are 
usually marked with the symbols //8, f/16, &c. The symbol 7/8 
means that the effective diameter of the stop is one-eighth of the 
focal length of the lens system. This effective diameter is not the 
actual diameter of the hole in the diaphragm which is used to 
regulate the light entermg the camera, but is, in the case of 
cameras adjusted for landscape photography, the diameter of that 
incident beam of rays parallel to the axis, which in its passage 
through the lens system exactly fills the opening in the actual 
diaphragm. The photographic speed of the lens, when used for 
landscape work, is proportional to the square of the diameter of 
the incident beam, and hence it is important to be able to test 
whether the numbers assigned to the various stops by the makers 
are correct. If, for stance, a maker marks a stop f/8 which is 
actually 7/10, the effective area of the stop is only 64/100 of the 
area suggested by the maker’s mark. 

The “f” notation is not, however, the only system in use. The 
stops on some cameras are graduated i in “U.S.” numbers (Uniform 
System, not United States). The stops supplied with Kodak 
cameras are usually marked with the “U.S.” numbers. On this 
system the stop denoted by 7/4 by English makers is taken as the 
unit, and the numbers are so chosen that the “U.S.” number of a 
stop is proportional to the exposure required. The correspondence 
between the systems is as follows: 


“f” system P/E GSO GMO Bs oe 
Uniform System 1 4, 16 64 256 


For intermediate stops, the relation may be expressed alge- 
braically. If the “f/” number is f/n, we have f/n=//(tn x 4), 
and hence the corresponding “U.S.” number is (7/4), Thus, if 
fin corresponds to the “U.S.” number 8, we have (n/4)?= 8, or 
n? = 128, or n=11°31; this stop is often marked with the approxi- 
mate number f/11. 

The number in the symbol f/n expresses the ratio of the 
focal length of the lens to the effective diameter of the stop in the 
case of landscape work. It is therefore convenient to call the 
reciprocal number I/n, as is done by some writers, the “aperture 
ratio” of the stop. 


13—5 
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§ 2. Stop in front of lens. When the stop S (Fig. 1) is placed 
in front of the lens system, as was often the case in the older 
photographic lenses, its effective diameter for landscape work is 


Fig. 1. 


simply equal to the actual diameter of the stop itself If the 
diameter of the stop is measured and is found to be a cm., and if 
the focal length of the lens is f cm., the aperture ratio of the stop 
is a/f and thus, if the “f/” number is //n, 


WENO BURP RAA He acnoocs cusacac: (1) 
and | EN fC MMPMOR A Sing Sbeo0cc0%00%" (2) 


§ 3. Stop between components of lens system. A stop does 
more than merely regulate the amount of light passing through 
the lens. The position of a stop of given aperture has an 
important influence upon the effects of the five “defects” of a 
lens, viz. upon the effects of Spherical aberration, Coma, Astig- 
matism, Curvature of image surfaces, Distortion; in the case of 
modern lenses consisting of two separated components, it is found 
that it is advantageous to place the stop between the components, 
as in Fig. 2. The effective diameter of the stop will now not be 
equal to its actual diameter. The effective diameter can be cal- 
culated from the actual diameter when the position of the stop 
relative to the two components and also the optical constants of 
the components are known, but it would be troublesome to obtain 
all these data. It is better to treat the lens system as a whole 
and to arrange the measurements so that there is no need to take 
the lens system to pieces. 

Let S (Fig. 2) be the stop and let 7, be the image of S formed 
by the front lens Z. Then S is the image of 7, by the same lens. 
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Hence, a ray RQ,, which before incidence on the lens LZ is parallel 
to the axis AF, and is directed to a point Q, on the edge of 7;, 
will, after traversing LD, pass through P, the corresponding point 
on the edge of the stop itself. Hence it is clear that the distance 
of the ray RQ, from the axis AF, is equal to the radius (4a) 
of the effective aperture. 

Tf the front lens LZ is a converging lens, and if the stop S les 
between ZL and the focal plane of L, the image 7, will be further 
from Z than S is and consequently the diameter of the aperture in 
the image will be greater than in the actual stop. 

In Fig. 2, T, is the image of the stop S formed by the lens J. 
Each of the rays RB and UC in its path through the system passes 
actually, or at least in direction, through (1) Q,,(2) P, (8) the edge 
Q. of T;. It will be seen that &, is the image of Q, by the complete 
lens system. 


§ 4. First method. The effective diameter of the stop is easily 
measured by aid of a microscope mounted on a sliding carriage, 
such as that shown in Fig. 3. The lens system is firmly supported 
with its axis horizontal. The microscope 1s attached to the carriage 
so that its axis is at right angles to the direction of motion of the 
carriage, and the track on which the carriage slides is placed so 


Fig. 3. 


that the axis of the microscope is parallel to that of the lens 
system, the two axes being at the same height above the table. 
The microscope is then focussed through: the lens Z upon one end 
of the horizontal diameter of the stop, and the sliding carriage 1s 
adjusted so that the image of the edge of the stop is brought to 
coincidence with the cross-wire of the microscope or with a selected 
dividing line of the micrometer scale. Some adjustment of the 
microscope in the direction of its own axis will be required; the 
adjustment is complete when there is no parallax between the 
image and the cross-wire. The carriage is then moved along its 
track so as to bring the image of the other end of the diameter to 
the cross-wire or to the same micrometer division as before. The 
distance through which the microscope has been moved is equal 
to a, the effective diameter of the stop. After each pair of 
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readings the track may be slightly moved so that the next pair 
of readings is quite independent of those already taken. If the 
microscope has a micrometer scale in the eyepiece, a different 
dividing line may be used for each pair of readings for the two 
ends of the diameter. 

The focal length, f; of the system is then found by any 
method—the goniometer method or the revolving table method 
is convenient *—and the value of n=f/a is calculated. 


§5. Second method. If a luminous point were placed at the 
focus F, (Fig. 2), the rays from it, after passing through the 
system, would form a beam of rays parallel to the axis AF,. If 
a glass scale were placed against the mount of the lens, as A BC in 
Fig. 2, the diameter of the beam of light could be at once read off, 
provided that the face of the scale which rests against the mount 
has a suitable matt surface, 2.e. a surface which will so scatter any 
light which falls upon it that it is easy to distinguish the parts 
which are illuminated from the parts which are not illuminated. 
The divided face of the glass scale should rest against the mount. 
The diameter of the bright patch on the scale is equal to the 
effective diameter of the stopt. 

The practical method of obtaining a beam of rays from a small 
area in the focal plane is to allow light from a flame to pass 
through a small opening in a thin metal plate placed in that 
plane. The source of light must, of course, be near enough to 
the plate to ensure that the stop is filled with light; it need not 
be so near as to burn the support of the plate. But, since the rays 
do not now proceed from a point, the emergent beam will not be 
made up only of rays which are parallel to the axis and conse- 
quently the diameter of the bright patch on the scale ABC will 
no longer be equal to the effective diameter of the stop. The 
necessary correction is, however, easily found. 

Let G be a point, in the plane of the diagram, on the edge of 
the circular opening in the plate in the focal plane, let WV, be 
the nodal point of the lens system corresponding to F,, and let WV, 
be the other nodal point. Then, if a ray from @ is directed towards 
NV, before it strikes the lens J, it will, on emergence from the lens 
L, proceed in the direction V.K as if it came from NV,, the two 
directions GV, and V,K being parallel, by virtue of the property 


* For a description of these methods see G. F. C. Searle, “ Demonstration of 
Laboratory Apparatus and Experiments,” Proceedings of the Optical Convention, 
1912, p. 161. 

+ A matt surface may be obtained by aid of paraffin wax. The scale is gently 
heated over a flame until it is warm enough to melt the wax. A thin layer of wax 
may be obtained by wiping off most of the melted wax by a piece of: paper with 
a straight edge. With a little practice, a suitable coating of wax is easily obtained. 
Mr R. Whiddington found that a good matt surface may be obtained by dabbing 
a piece of putty against the glass. 
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of the nodal points. Since G is in the focal plane, all the rays due 
‘to G which emerge from the lens LZ are parallel to N,K. The 
extreme ray is the one which, in its passage through the system, 
passes through the point P on the edge of the stop, P and G both 
lying in the plane of the diagram. But Q, is the image of Je 
formed by the lens L, and thus the extreme ray, on emerging from 
L, must be directed away from the point Q,. Hence, if Q,.CU be 
drawn parallel to GN, it will give the direction of the extreme 
emergent ray. If C is the pomt in which it strikes the matt 
surface of the glass scale ABC, AC will be the radius of the 
bright patch on the scale*. 

Since OQ, is parallel to VG, the triangles CBQ,, GFN, are 
similar, and hence CB/BQ, = GP,/F,N2. 

If d is the diameter of the opening in the focal plane, then 
F,G=id. If BC=4b and BQ,=2, we have b/a=d/f or 


ys eV RS ee Ola MN aE ae RS: (3) 


Hence, if ¢ is the diameter of the bright circular patch on the 
matt surface of the scale, 


6S Oss WG AE GUiy GocsecoccsSonononbee (4) 
and therefore OS OS MIfa - scsosoocosooonsesss00nas (5) 


The distance BQ, =~ is the distance between the matt surface 
of the scale and the plane of the image of the stop formed by the 
lens L. A plate of transparent glass of good quality is fixed 
against the mount of the lens in place of the glass scale (the 
latter may be used if the surface is cleaned) and a little lycopodium 
is placed on the face nearest to L. A microscope on a sliding 
carriage is then arranged so that its axis and the direction of 
motion of the carriage are parallel to the axis of the lens system, 
and the microscope is focussed through the glass plate ABC first 
on the edge of the stop and then on the lycopodium, the adjust- 
ment being effected by sliding the carriage along its track. The 
distance through which the microscope is moved is equal to BQ, 
or w. After each pair of observations the track may be slightly 
moved so as to obtain independent readings for the next pair. 

* It has been assumed that the aperture in the metal plate S (Fig. 2) really 
acts as a stop for rays which converge to F,. In other words, it is assumed that 
the effective diameter of the incident beam is limited by S and not by the mount- 
ings of the lenses. If the aperture in S is so large that the ray which passes 
through P in its course to Fz passes close to the lens mountings, it may happen, 
as Mr T. Smith has pointed out to me, that, unless F',G is small, the ray from G 
which is directed to Qs is caught by the lens mountings and does not penetrate the 
system. In that case the edge of the luminous patch is not at C but at some point 
nearer to A, and thus the diameter of the patch depends not on S but on the 
diameter of one of the lens mountings. If such a system were used for landscape 
photography, there would be a great falling off of illumination towards the edges 
of the plate. This defect is avoided in good photographic lenses by keeping the 
stop of greatest aperture sufticiently small. 
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The diameter d of the hole in the plate may be measured by a) 
glass scale placed with its divided face in contact with the plate. | 
If desired, greater accuracy could be obtained by using a travelling 
microscope. 


$6. Third method. The determination of the distance BQ, 
may be avoided by using two plates with apertures of diameters 
d, and d,. Let ¢, and c, be the diameters of the corresponding 
bright patches on the matt surface of the glass scale. Since, by 
(5), € — @ 1s proportional to d, we have ) 


: (c, — a)/(c, — a) = d,/ds. 
Thus a (d, — d.) = c,d, — ¢,d, = c, (d, — dz) — d, (4, — &), 


d(C; — C2) 
1 eg ee er (6) 


and hence vt 


§7. A system for laboratory work. A projection lens system 
such as is used in optical lanterns is convenient for the experiment. 
Such lenses are moderate in price (10/- upwards) and are reason- 
ably well corrected. The cylindrical tube which forms the mount 
of the lens is, on account of its form, easily attached to a base. 
The stop may be inserted in the tube between the two components 
of the lens system. Fig. 4 shows the arrangement which has been 
found convenient at the Cavendish Laboratory. The projection 
lens AB, of about 8 inches focal length, is mounted at one end of 
a base-board. At the other end of the board is fixed a wooden 
upright C with a circular opening. The metal plate D rests against 
that face of the upright which is furthest from the lens and is held 
in position by a rubber band or a spring. The lens is adjusted on 


ApS B 


Fig. 4. 


the board so that the focal plane of the lens accurately comcides 
with the face of C against which D rests. The stop S should have 
a bevelled edge. A screw clamp fixed to the underside of the 
base-board allows the arrangement to be attached to an iron rod 
carried by a heavy base. ; eof 

If the focal length is measured by the goniometer method, a 


( 
} 
} 
} 
| 
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glass scale is substituted for the plate D, its divided face being in 
contact with the upright. e 
Though this arrangement is more convenient for daily laboratory 


, work than an actual camera, students who possess cameras find the 
work more interesting if they investigate the stops on their own 


cameras. 

A projection lens so mounted is a very useful piece of apparatus. 
If a cross-wire is fitted to the metal plate D, the arrangement acts 
as a good collimator. The spherical aberration will be small if the 
lens system is mounted on the board so that the end which is 
intended to face the lantern slide, when the lens is used for projec- 
tion, faces the plate D. If the lens is mounted the wrong way 
round, its performance will be much less satisfactory. 


_§8. Practical example. The following results were obtained 
with an optical lantern projection lens system. 


First method. 


The readings of the sliding carriage on the track, when the microscope was 


focussed on the two sides of the stop in turn, were as follows : 


Right edge of image of stop, 20°97, 20-91, 21°00 cm. 
Left edge of image of stop, 17°78, 17°72, 17°82 cm. 
Differences, 3°19, 3:19, 318 cm. 


Hence (§ 4), mean value of effective diameter of stop=a=319 cm. 


Second method. 


Diameter of aperture in metal plate=d,=0°80 cm. 
The readings on the glass scale of the edges of the bright patch were as 
follows : 
Right edge of bright patch, 9°28, 9°30, 9°35 cm. 
Left edge of bright patch, 5°97, 6°00, 6°04 cm. 
Differences, 3°31, 3°30, 3°31 cm. 


Mean value of diameter of patch=c,;=3°31 cm. 
It will be seen that c, is considerably larger than a as found by the first 


method. 
For the distance BQ, of the image of the stop from the plane of the glass 
plate the readings were: 
Microscope focussed on B, 11°96, 11°92, 11°93 cm. 
Microscope focussed on Q;, 8°52, 8°53, 8°50 cm. 
Differences, 3°44, 3°39, 3°43 cm, 
Mean value of BQ, =x7=3'42 cm. 


The focal length of the system was found by the revolving table method. 
The two readings on the scale were 46:20 and 3°02 cm. 


Hence f= (46:20 — 3:02) = 21°59 cm. 
Thus, by (5), 


a EM Bee a 013318 ems 


Fi 21°59 


202 Dr Searle, The determination of the effective ) 


Third method. 


Here two apertures were used. The diameter of the first was dt, =0°80 
and that of the second was d)=0-42 em. The diameter of the bright patch 
due to the first was ¢,=3'31, as found above. The readings for the bright — 
patch for the second aperture were as follows: 

Right edge of bright patch, 7-90, 8:05, 8-22 cm. 
Left edge of bright patch, 4°64, 4°80, 4:97 cm. 
Differences, 3°26, 3:25, 3:25 cm. 
Mean value of diameter of patch =c,=3-25 cm. 
Hence, by (6), we find for the effective diameter of the stop, 
dy, (G = €9) arene 0:80 x 0:06 ee - 4 
eas ea ee 31—0:13=3:'18 cm. 
The mean of the three values gives ~=3'18 cm. Hence 
n=f /a=2159/3:18=6:79. 


The marking of the stop on the “f” system is therefore 7/679, and the 
aperture ratio is 1/6°79 or 0°147. 


a—C; 


§9. Hffect of distance of object on effective aperture. The 
foregoing discussions refer to the case in which the light which 
falls on the photographic plate comes from an object at an infinite 
distance so that the plate is in the focal plane of the lens system. 
When, however, the object is not at infinity, as when the camera is 
used in copying, the plate will not be in the focal plane /,G anda 
fresh investigation becomes necessary. It appears, however, that 
the speed of the lens can be calculated for any position of the object, 
when, in addition to the data obtained in the second method (§ 5), 
we know the position relative to the lens system of the other 
principal focus F,. 

The speed of the lens will be proportional to the light which 
reaches unit area of the image when the object is a surface of 
standard brightness. Let an infinitesimal element dS of this 
surface be placed at O (Fig. 5), the centre of a geometrical 
hemisphere of unit radius, the plane of the element coinciding 


Zs 


‘ 


19, 


Oo.” 
Fig. 5. Fig. 6. 


with the base of the hemisphere. Let Ids be the light which 
passes, per unit area, through the surface of the hemisphere in the 
neighbourhood of the pole Z, where ZO is normal to dS. Then J 
is called the intrinsic brightness of the surface. 

The light which passes, per unit area, through the surface of 
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the hemisphere in the neighbourhood of P, where POZ=8, 1s 
IdS.cos@. Hence the light which passes through the spherical 
cap, which contains Z% and is bounded by the line of latitude 
passing through P, is 


6 
lds i Oe imadoucos Gels? ON aS 
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Suppose, now, that the object is a disk of radius h, placed with 
its centre at X, on the axis of a lens system, the normal to the disk 
coinciding with the axis, and that its image is a disk of radius h, 
with its centre at X,. The arrows in Fig. 6 serve to show that, in 
the case figured, the image is inverted. Let the ray X,XY, after 
passing through the system, become the ray X,X,’ and let these 
rays make angles @, and @, with the axis; in the figure h, and 0, 
are negative. We shall suppose that all the rays from the point X, 
which pass through the system meet again in the point X,, so that 
the system is free from spherical aberration with respect to the two 
points X,, X,. Then, if every ray which leaves any point on the 
edge of the disk at X, passes through the corresponding point on 
the edge of the image disk after traversing the system, so that 
there is no coma, then h,, h., @;, 8, will satisfy the “sine condition ” 


(Onley Sid Ch fs On STM (he cecooce-conncooseneds (7) 


where wz, and », are the refractive indices of the media at X, and 
X,. When, as in our case, there is air at both ends of the system, 
fy = fo = 1 and then 


[pe 100) (oh [Da STAY (2). ek Sane bn ook onocwnaed (8) 


It is assumed that the radu h, and h, are infinitesimal. 

Tf the lenses absorb no light, all the light, which leaves the 
object disk at X, and traverses the system, reaches the image disk 
at X,. If X,X,’ be the extreme ray from X, which passes through 
the system, the amount of light which reaches the image is 
ql sin?@,.7h,; by (8), this is the same as wl sin?@,.7h2. But 
the latter is exactly the light which would pass out from the 
image disk within the angular limits defined by @,, if it were an 
actual disk with a surface of intrinsic brightness 7. The image 
may therefore be described as having the same intrinsic bright- 
ness as the object. The equality wJ sin? @,. 7h, =7I sin? 6,. 7h? 
expresses the important reciprocal result that, if the two disks are 
of equal intrinsic brightness, the light which one receives from the 
other is the same for both. 

If the light which reaches unit area of the image be denoted 
by L, we have 

Tar Tigi Go Sets Sees weet an aa Byecee is «e (9) 


and thus the speed of the lens will be proportional to sin? @,. 
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The system cannot be free from spherical aberration and from | 
coma for all pairs of conjugate points, and it thus becomes necessary 
to accept a lower standard and to work on that plane of approxima- 
tion where the angles are treated as being so small that they may 
be used instead of their sines or tangents. We then have 


Le = TIO Sion snc eee (10) 


We can now apply these results to determine the effect of the 
position of the object upon the speed of the lens. 


Fig. 7. 


In Fig. 7, let S be the actual stop, 7, its image formed by the 
front lens Z (Fig. 2) and 7, its image formed by the back lens M; 
the lenses themselves are not shown in Fig. 7. Let O,Q, = q, and 
O.Q.=q, be the radi of the two images of the opening of the 
stop. ‘Then q, 1s identical with 4a, where a is the quantity used in 
§§ 2,4. IfX, is a point on the axis and_X, is its image, one of the 
extreme rays leaving X, and reaching X, is the incident ray X,Q; 
which gives rise to the emergent ray Q,X.. Let these make angles 
6,, 0, with the axis, where 0,=¢q,/0,X, and @,=4,/0,X.. Let be 
the angle subtended by Q,0O, at the focus F,, where the plate is 
placed when a distant scene is to be photographed. Then 
b= q,/0.F,. We see, at once, that, when X, is beyond Ff, as 
is the case when a “real” object is to be photographed, the 
angle 6, is less than the angle ¢ and that, in consequence, the 
speed of the lens is less when the object is at a finite distance than 
when it is at an infinite distance from the lens, for, by (10), the 
speeds are proportional to 6 and ¢*. 

If L,, be the light received per unit area by the image when 
the object surface of standard intrinsic brightness J is at an 
infinite distance, we have 


L = 710.2 = w1q?/0,X 22, 
L,, = wg? = 119: O.Fe, 
and thus 


L, (oAl= (nt nas) if (1 fi EXE 
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Since X, is the image of XY, and QO, is the image of O, formed in 
each case by the complete lens system, we have, by Newton’s 
_ formula, 


PLX,. FX, =) 0.F). OF, = f°, 


Lie. O,F, pee FLX, +0,F,? 
| and hence eo (1 sk —) = eS) eerie (12) 
| ls Ig NE 
and thus ihe = = ae BW er sina eee ee (13) 


- Hence the intensity of illumination of the image diminishes as the 
object approaches the focus /, from infinity. If we measure the 
distance between QO, and /’, we can find the value of L/Z,, for any 
given value of #,X,. In the second method (§ 5) the distance, z, 
of O, or Q, from the plane of the end of the lens mount was deter- 
mined. The focus F, can be identified by placing a pin so that its tip 
coincides with the image of a very distant object, or by making the 
tip coincide with its own image when a plane murror is placed on 
the other side of the lens system. A/ter the pin has been placed 
at F,,a plate of glass or metal of known thickness is placed against 
the mount and the distance of the pin from this plate is measured. 
In this way the distance of /, from the plane of the end of the 
mount is found. Adding this to the distance 2, we obtain O, F;,. 
The effect of the finite distance of the object in diminishing the 
illumination of the image may be met either by increasing the 
time of exposure or by using a larger stop. 
If, for a given stop, the time of exposure, for an object surface 
of standard intrinsic brightness, is t,, when the object is at infinity, 
and is ¢ when the object is at a finite distance, then 


eee Sy 
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If the camera is used for copying and the linear dimensions of 
the copy are to be m times those of the original, we must have 


F,X,=f/m. We then obtain, if 0, F, = 6f, 


_ @ = a ‘) Some) ee (15) 


ao 


If the lenses are not very thick and are not-widely separated, 
O,F, will not differ much from 7, and thus 8 will be nearly unity. 
In this case we obtain approximately 


t=(1+m/t,. 
If we wish to keep the exposure unaltered, we must increase 


the stop aperture when the object is at a finite distance. If the 
stop marked //n,, is suitable when the standard surface is at an 
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infinite distance, and if the stop marked //n is to be used when 
the surface is at a fimite distance, then nt =n,?t,, where t/t, 1s_ 
given by (14) or (15). Hence 


ei Te 1 
n=n a 


rain = Ne - 1 + me" = 4.06) 


pb) 7? + OF 
§ 10. Practical example. The same system was used as — 
in § 8. 


The distance from F, to the plane of the end of the lens mount was 
16:16 cm. The distance x between that plane and OQ, was found in § 8 to be 
3:42 cm. Hence 0, F,=16:16+3°42=19°58 cm. 

The focal length f was found in § 8 to be 21°59 cm. 


Hence B=0,F, /f=19°58/ 21:59 =0:907. 


The exposure for a given stop can then be calculated by (15) and the stop — 
for a given exposure can be found by (16). 
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[Read 21 February 1916.] 
[Plate VIL] 


THE Body-louse is usually referred to as Pediculus vestimenti 
Nitzsch, occasionally as P. corporis Degeer. These names were 
given respectively in 1818 and 1778. ‘The correct name is that 
given by Linné in the 10th edition of the Systema Naturae, 1758, 
namely Pediculus hwmanus. 

The mouth-parts of this insect have a unique interest in 
zoological literature, owing to the controversy which raged for 
many decades as to whether the louse bit or sucked. Inability to 
settle this question was held up as a stock reproach to biologists 
of the first half of the nineteenth century. Schiddte (1866) 
finally cleared up this point, and his account of the method of 
feeding the louse still stands as the best written. But although 
he definitely established the suctorial nature of the apparatus, its 
structure has remained something of a mystery, and its homologies 
have equally remained dubious. Within the last dozen years a 
somewhat bitter controversy has appeared in the pages of the 
Zoologischer Anzeiger, between Professor Cholodkowsky and Dr 
Enderlein, in which diametrically opposed views of both structure 
and homology have been put forward by the protagonists. 
Pawlowsky (1906), a pupil of Cholodkowsky, set himself to clear 
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the matter up finally. His account, though an advance on any 
previously published, fails in several important respects. Patton — 
and Cragg (1913) have also described the mouth-parts of Pediculus, — 
but, although they have given a more correct account of the — 
structure of the piercing apparatus, their description of the buccal — 
eavity and pharynx, and more especially of the musculature, falls 
behind that of Pawlowsky. The paper of the latter gives an_ 
excellent summary of the history of the controversy, from Sa 
merdam to the date of his own paper. 


Material and Methods. 


| 
| 

This paper sets out part of the results of an enquiry into the | 
structure and bionomics of Pediculus which was undertaken by | 
the staff of the Quick Laboratory at the instance of the Medical 
Department of the Local Government Board. As it is largely 
concerned with an interpretation that is of academic rather than : 
practical interest, I take this opportunity of publishing my inter- — 
pretation somewhat fully, so that I need not encumber an official ~ 
report with more than a summary of it. Material has been | 
furnished by various medical officers in the service of the Board, 
and was also obtained at the Ist Eastern General Hospital, from 
the clothing of wounded soldiers. This material was fixed in 
Carnoy’s fluid. For the preparation of satisfactory.sections I have 
to thank Dr Keilin, of the Quick Laboratory, who placed his very 
considerable technical experience entirely at my service, and 
developed a technique suitable for dealing with this difficult 
material. No reagent was used to soften the chitin, as experience 
with Mallophaga had shown me that the use of strong reagents, 
such as Hau de Labbaraque, is not altogether satisfactory. The 
difficulty of securing satisfactory infiltration was finally overcome 
by embedding im vacuo, and sections were cut at 64, and stained 
in Mann’s stain. In addition to longitudinal and_ transverse 
sections of the head, dissections, with and without the use of 
potash, were made, both of Pediculus and of the larger Anopluran 
species, Haematopinus tuberculatus and H. suis. Freshly killed 
insects cleared in glycerine also proved useful; while, for the 
structure of the chitinous parts, moulted skins of the larvae were 
supremely useful, as a beautiful cast of these parts can thus be 
obtained. 


General Relations. 


The stomatodaeum of Pediculus is divisible into four distinct 
portions, a buccal cavity, pumping-pharynx, pharyne proper, and 
oesophagus. The buccal cavity is an approximately cylindrical 
tube, leading horizontally from the terminal mouth opening to the 
pumping-pharyna. It is‘13 mm. in length, and is wider posteriorly 
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‘than anteriorly. Upon the floor of this cavity, near its hinder end, 
‘opens a long invagination, the piercer-sheath, which extends 
beneath the alimentary canal back almost to the occiput, and 
contains the piercing apparatus. The pumping-pharyne is, in its 
dilated condition, ellipsoid, its long axis corresponding to that of 
the head, its posterior end higher than the anterior, its length 
‘12 mm. . In the resting condition it gives much the same section 
in both longitudinal and transverse sections, the floor and roof, 
with reference to the lumen, being concave and convex respec- 
tively. The pharyna, which has a length of ‘1 mm., is situated 
dorsally between the anterior cornua of the brain, and is X-shaped 
iN cross section owing to the action of powerful sphincters. It 
descends somewhat posteriorly, and passes into the oesophagus a 
narrow tube which passes downwards between the brain and sub- 
oesophageal ganglion, and runs backwards to join the mid-gut 
towards the posterior margin of the thorax. This gullet has an 
approximate length of ‘5 mm. 

Within the piercer-sheath lie four structures, which are 
directly continuous with six chitinous tendons, into which six 
muscles rising from the posterior wall of the head-capsule are 
inserted. The tendons of the dorsal muscles are continued into 
the dorsal-piercer, which throughout the greater- part of its 
length has the form in section of two brackets lying side by side 
thus ~~, with their contiguous edges fused. The tendons of the 
lateral pair of muscles concresce as the ventral-piercer, the precise 
structure of which will be discussed later. The tendons of the 
ventral muscles expand into a chitinous plate, separable into 
anterior and posterior portions, which lies embedded in the floor 
of the sheath. These plates may represent the mentum and sub- 
mentum of the labium. The fourth structure is a chitinous duct 
which is first attached by a strand of tissue to the ventral side of 
the dorsal-piercer, then becomes free, and lies in a groove on the 
dorsal surface of the ventral-piercer, and finally enters the buccal 
cavity equidistant between the two. This duct originates in 
paired strands of tissue arising from the ventral tendons, and 
passing into relation with the dorsal-piercer, and is, I believe, the 
salivary duct, although I have not been able to trace a definite 
connection with certainty, the structures being excessively 
minute. 

The structures so far indicated have been described with more 
or less success by previous workers. One important part of the 
apparatus has, however, hitherto altogether escaped notice. This 
part, which I call the buccal tube, is a tube lying free within the 
buccal cavity, composed of two lateral apposable half-tubes which 
arise ventro-laterally from the floor of the fore-gut at the point of 
junction of the buccal cavity and pumping-pharynx. Into the 
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lumen of the tube thus formed enter the dorsal and ventral 
piercers, and the salivary duct. | 
Some of the interpretations which have been placed upon the — 
structures thus briefly indicated will appear in the more detailed 
descriptions that follow. I treat the structure and functions — 
together for each of the several parts which have been enu-— 
merated; and follow this by a recapitulary account of the whole 
process of feeding, with the combination of functions involved. — 


The mouth and buccal cavity. 


In the position of rest, the mouth is an oval aperture, with | 
longer diameter transverse, absolutely terminal. It is surrounded — 
dorsally and laterally by loosely folded integument. It leads into ~ 
the approximately cylindrical buccal cavity, on the dorsal wall of — 
which, just inside the mouth, are two closely apposed chitinous — 
plates, bearing a number of recurved denticles. At their proximal 
ends these dental plates are loosely hinged to the buccal plate, a 


Fig. 1. Isolated buccal plate of larva, dorsal. 


thick chitinous structure which lines the roof and lateral walls of 
the cavity, and which is thickest dorsally, gradually thinning out 
as it approaches the floor. Fig. 1 shows a dorsal view of this 
structure as it appears in a moulted cast; and it is shown in 


Fig. 2. Transverse section through buccal cavity just behind mouth. 
Diagrammatic. 


section in Figs. 2 and 3 (bp.). At the posterior end of the 
buccal cavity this plate divides about the pumping-pharynx, in 
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the walls of which it continues backwards as two divergent cornua 
(Figs. 4 and 5, rcbp., lebp.). These cornua are the fultwrae of Ender- 
lein, the plate itself being his ‘ wntere Lamelle des Pharynx’ (1904, 
p. 125, Fig. 2). To the ends of the cornua are attached three 
pairs of muscles, which have been described by Pawlowsky. The 
dorsal protractors (lateral protractors of Pawlowsky) of the right 
and left side (Figs. 4, 5, rdp., ldp., Plate VII, Fig. 1, rdp.) run 
forward from the corresponding cornua to be inserted into the 


bp. 


div. dp. 
vp. 


Fig. 3. Transverse section through buccal cavity at its function with the 
piercer diverticulum. Diagrammatic. 


dorsal wall of the head above the mouth; the ventral protractors 
(same Figs., rup., lup.) run from the underside of the cornua to 
the ventral wall of the head below the mouth; while the third 
pair, the right and left retractors of the buccal cavity (Plate VII, 


app. es 


Fig. 4. Transverse section just posterior to Fig. 3. Diagrammatic. 


Fig. 1, rrbc.) run from the cornua backwards, upwards, and out- 
wards, to be inserted into the dorsal wall of the head above the 
brain, 


212 Mr Harrison, ‘A preliminary account of the 


By contraction of the four protractor muscles, the rigid buccal — 
plate is impelled forwards, and everts the mtegumentary folds 
already mentioned as lying dorsally and laterally about the mouth 
opening, so that a small hood-shaped projection, open ventrally, is 
formed in front of the head. This is the haustellwm of the older 
writers. In the process of eversion, the teeth on the dental — 
plates are revolved outwards, and not only effect a superficial 
fixation of the parasite upon the skin, but also, owing to their 
diverging paths, tightly stretch the skin. It should be noted that, 
since this haustellum is open on the ventral side, it cannot form a ~ 
closed chamber when in contact with the skin of the host, as is 
generally assumed. On relaxation of the protractors, and con- 
traction of the retractors, the buccal plate 1s drawn backwards, 
and the haustellum. disappears. 

The ventral portion of the buccal cavity 1s somewhat expanded 
laterally throughout its length, and the cavity is a little wider 
posteriorly than anteriorly. 


The pumping-pharyne. 

The pumping-pharynx les between the cornua of the buccal 
plate, projecting somewhat behind their hinder ends. The cornua 
are in this region bent downwards (Fig. 5) so as to partly surround, 
above and at the sides, two lateral cavities which are part of the 


Fig. 5. Transverse section through pumping-pharynx about the middle 
of its length. Diagrammatic. 


pumping-pharynx, but which are almost completely cut off from 
it in the resting condition. In this condition the pumping- 
pharynx resembles an early gastrula, or a collapsed rubber ball, of 
which the upper half has been pushed down into the lower. A 
large number of dilatator muscles (Figs. 4, 5, Plate VI, Fig. 1, 
dpp.) are inserted into this depressed roof, which run to the dorsal 
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and dorso-lateral regions of the head wall, and which, upon con-— 
traction, raise the depressed roof, so that the chamber assumes an 
ellipsoid shape. In this condition the lateral cavities supported 
by the cornua are not nearly so conspicuous. In specimens which 
have been treated in potash, and then passed into glacial acetic 
acid, the chamber is invariably blown out into this ellipsoid shape. 
Posteriorly the lumen narrows, and ascends towards the pharynx. 
At the narrowest part a band of hair-like chitinous processes of 
the cuticle projects into lumen all round. These processes are 
referred to by Pawlowsky, who suggests that they may assist in 
closing the lumen, but I cannot see how they can serve such a 
purpose. They show no indication of any sensory function, and 
probably act as a mechanical straining apparatus to prevent any 
foreign particle from entering the pharynx. They are indicated 
in Plate VII, Fig. 1, ps. 

A valvular apparatus exists at the anterior end of the pumping- 
pharynx, which will be described in connection with the buccal 
tube. The function of this part of the stomatodaecum is very 
obvious. By the action of the dilatator muscles in raising the 
depressed roof, a negative pressure results, and blood is drawn 
into the cavity. By the closure of the anterior-valve, and the 
relaxation of the dilatators in order from before backwards, the 
blood is forced backwards into the pharynx. That the dilatators 
do relax in this way, and not all together, seems certain from a 
study of the feeding insect under a low power binocular, as the 
blood can be plainly seen to come and go in a manner reminiscent 
of the peristaltic process in the dorsal vessel of an annelid. 

Certain of the muscles inserted into the roof would seem to be 
at least partially concerned in the protraction of the pumping- 
pharynx, as they run forwards, as well as upwards, to be inserted 
into the ring of thickened chitin which almost completely surrounds 
the head at the level of the opening of the piercer-sheath into the 
buccal cavity. 


The pharynx and oesophagus. 


An ascending tube, slightly bent upon itself, and very short, 
connects the pumping-pharynx with the pharynx. I cannot follow 
Patton and Cragg’s account of this portion of the alimentary canal. 
They seem to me to have confused a short dorsal diverticulum at 
the anterior end of the pharynx, which for three or four successive 
sections appears as a separate cavity, and then cuts out, as a fold 
in the connecting tube. At its anterior end the pharynx shows 
a deep, fairly narrow, lumen in transverse section, which almost 
immediately becomes reduced to a smaller, X-shaped, lumen, 
owing to the presence of a powerful anterior sphincter (as. in 
Plate VII, Fig. 1). Behind the anterior sphincter three pairs of 
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dilatator muscles are inserted into the pharyngeal walls, the right 
and left dorsal, lateral, and ventral dilatators of the pharynx (rdd., 
rvd.). The dorsal pair are inserted dorso-laterally into the pharyn-— 


geal wall, and pass upwards, and slightly outwards and forwards, — 


to attach to the wall of the head close to the mid-line. The lateral — 


pair run outwards, and slightly upwards and backwards, to be 


inserted into the head-wall immediately above the eyes. The © 


ventral pair run downwards, outwards, and slightly backwards, to — 


be inserted into the head-wall midway between the eye and the — 


mid-ventral line. This muscle is thus considerably displaced in 
Fig. 1 of Plate VII, which has been slightly schematised for the 
sake of clearness. Immediately behind these dilatator muscles a 
posterior sphincter (psp.) occurs; and behind this a pair of posterior 
dorsal dilatators (rpdd.), which have the same relations as the 
anterior pair. Pawlowsky attaches the ventral dilatators behind 
the posterior sphincter, but they are inserted between the sphincters 
in the same plane as the dorsal and lateral dilatators. 


ivd. 


} lab.? 


Fig. 6. Transverse section through pharynx and diverticulum at 
level of eyes. Diagrammatic. 


The function of the pharynx would appear from its musculature 
to be twofold. Contraction of the sphincters closes the cavity, and 
allows of the production of a partial vacuum in the pumping- 
pharynx. Simultaneous dilatation of the pharynx and relaxation 
of the roof of the pumping-pharynx causes the blood to pass from 
the latter chamber to the former. The next contraction of the 
sphincters, and it seems probable here also that the anterior 
sphincter contracts first, forces the blood into the gullet. 

The oesophagus is a narrow tube passing downwards from the 
posterior end of the pharynx between the brain and sub-oesophageal 
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ganglion. It then bends upwards and enters the thorax between 
the main tracheal trunks, and opens into the ventriculus towards 
the hinder margin of the thorax. Pawlowsky states (1906, 
p- 202) that the wall of the oesophagus contains no muscular 
elements, but this 1s not the case. In sections they are not 
discernible, but in dissections the appearance of the wall leaves 
no doubt that both longitudinal and transverse fibres are present. 

I have not been able to make out any duct entering any part 
of the stomatodaeum so far described. 


The buccal tube. 


I first observed this structure in glycerine cleared larvae, in 
which it appeared as a delicate hyaline tube projecting into the 
buccal cavity, and seemingly in direct continuity with the pumping- 
pharynx, separated only by what looked like a valvular apparatus 
folded back into the cavity of the latter. The wall appeared to consist 
of delicate white chitin, transversely striated. At this time I had 
no sections, and as the structure had not been described in any 
previous account, I was quite at a loss to account for it, especially 
as it was not comparable with any structure with which I was 
familar in the comparative anatomy of the insect mouth. 

In section it is shown to be formed of two apposable half-tubes 
(Figs. 2, 3, b.twb.), and not of a single tube. These half-tubes take 
origin from the floor of the buccal cavity at its junction with the 
pumping-pharynx, and immediately behind the opening of the 
piercer-sheath. Pads of tissue of a peculiar kind underlie their 
bases, which appear to contain muscular elements, but the precise 
histological nature of which I have not been able to determine. 
After lying in the wall of the buccal cavity for a short distance, the 
half-tubes become free, and run forward as chitinous structures, 
forming a tube with approximately half the diameter of the 
surrounding cavity. The piercing apparatus enters into this tube 
through the ventral fissure, and runs forward within it. The tube 
ends abruptly beneath the end of the buccal plate, the piercer in 
the retracted condition projecting a little beyond its anterior end. 
How Pawlowsky missed this structure I cannot imagine, since he 
has figured a section (1906, p. 201, Fig. 8) passing through the 
base of it, which he letters as the mundhohle, though the large 
buccal cavity is shown lying dorsal to it. 

The exact relations of what I have referred to above as a val- 
vular apparatus cannot be satisfactorily determined from sections. 
What I suggest is partly an interpretation of the appearance seen 
in cleared preparations, partly an assumption. If the buccal tube 
is to be functional for the only purpose which it can possibly serve, 
that of a sucking tube, any means of communication between the 
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buccal cavity and the pumping-pharynx, other than through its 
lumen, must be cut off. There can be no such communication 
ventrally, as the tube arises from the floor of the stomatodaeum. 
But a wide channel exists dorsal to the buccal tube, which is 
closed, as far as I can determine, by a pair of elastic folds, which 
lie at the base of the tube, and which pass obliquely upwards and 
backwards. When the two halves of the tube are brought 
together, the lips of these folds also come together, and shut off 
the pumping-pharynx from the buccal cavity. 

The function of the buccal tube is obviously that of the straw 
through which we take our lemon-squash. When the buccal 
eavity is protracted, its anterior end comes into contact with the 
skin, through which the piercers are already actively engaged in 
boring, and possibly its sharp chitinous edges also penetrate to 
some extent. Its lumen is in direct continuity with the pumping- 
pharynx, into which blood is drawn by the active pumping action 
of the dilatator muscles. From the appearance in cleared prepara- 
tions, a pair of ventral folds lying at the proximal ends of the 
pieces of the buccal tube would appear to act as valves closing its 
lumen during relaxation of the dilatators, but I am not able to 
make out the relations of these in sections. Me 


The prercer-sheath and piercing apparatus. 


The piercer-sheath is an invagination of the floor of the buccal 
cavity which runs backwards beneath the alimentary canal to the 
posterior margin of the sub-oesophageal ganglion, where it ends 
about the tendinous insertions of six muscles, the retractors of the 
piercing apparatus. In section these muscles appear as two lateral 
groups of three, one on either side of the middle line. Each group 
is composed of a dorsal and a ventral muscle nearer the middle line, 
with a lateral muscle lying outside and between them. Between 
the dorsal pair of muscles, and extending downwards in the middle 
line, lies a strand of tissue not of a muscular nature. Tracing these 
structures from behind forwards, it is found that the ventral pair 
of muscles is inserted into a pair of hollow chitinous ‘tendons,’ 
which run a short distance forwards and then join a thin chitinous 
plate which lies on the floor of the sheath. This plate runs through 
about two-thirds of the whole length of the sheath, the anterior 
third being separated by a suture from the posterior two-thirds. 
In dissections of potash-cleared specimens this posterior plate has 
broad punctate or granulate margins. The lateral pair also are 
inserted into tendons, which soon unite to give rise to a hollow 
chitinous structure, the ventral piercer, thyough the base of which 
a strand of muscle runs, but which, for the greater part of its length, 
is simply hollow chitin, apparently without cellular elements. It 
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carries a chitinous groove, the wall of which is much thickened, 
along its mid-dorsal line, and the thin flange-like margins, which 
are more or less folded up about the salivary duct and dorsal 
piercer, are crenate (Plate VII, Fig. 2). Its appearance in transverse 
section 1s shown in the various text-figures. At its anterior end it 
suddenly becomes much narrower, and terminates in a_bilobed, 
minutely denticulate, boring apparatus. Precise description of the 
component parts of the piercing apparatus is almost impossible, as, 
although the length of the apparatus as isolated from a potashed pre- 

paration is ‘622 mm., the width at the piercing apex is only ‘008 mm. 
| The tendons of the dorsal pair of muscles run along the sides 
of a short quadrilateral plate, from which runs forward the dorsal 
piercer, consisting of two thin curved plates, jommed by their con- 
tiguous edges, and which ends anteriorly in a bilobed denticulate 
tip, similar to the ventral piercer. A strand of tissue runs along 
the ventral side of the dorsal piercer for some distance, beneath 
which is suspended the chitinous salivary duct (Fig. 6). The latter, 
as far as I can determine, is the true salivary duct, but I have not 
been able to make out the connection with absolute certainty. 
This chitinous portion, in any case, takes its origin in the strand 
of tissue lying between the dorsal pair of retractor muscles, runs 
forward for some distance attached to the underside of the dorsal 
piercer, then lies free in the groove on the upper face of the ventral 
piercer. It ends a little short of the anterior extremities of the 
last-mentioned structures. 

The whole of this piercing apparatus enters the buccal tube 
through the ventral fissure, and is here bent at a definite angle. 
Into the piercer-sheath opens a pair of tubular glands, described 
by Pawlowsky (Plate VII, Fig. 1, p.gl.). These have a simple 
epithehal lining of small cells, very much smaller than any other 
gland cells in the body. Pawlowsky suggests that they may serve 
to lubricate the piercing organ, but I should think, from the small 
size of the cells and the absence of any sign of glandular activity 
in their protoplasm, that they are practically functionless. 

The musculature of the piercing apparatus comprises the three 
pairs of retractors already described, and a pair of large muscles 
which run from the postero-lateral region of the head on either 
side beneath the sheath, and are inserted into the tendons of a 
pair of small muscles rising ventro-laterally from the head-wall 
beneath the pumping-pharynx. These are the muscula digastrici 
of Pawlowsky, and probably serve, as he suggests, to draw the 
sheath with its contained apparatus forward, though it is a little 
difficult to understand just how this result 1s achieved. 

The action of this complex piercer 1s simply to make a wound. 
It is inserted by the action of the digastric muscles, aided possibly 
by differential action of the dorsal and lateral retractors; while by 


¢ 


218 Mr Harrison, A preliminary account of the 


the relaxation of the digastric muscles and contraction of all three 
pairs of retractors it is returned to its normal resting position. 


Method of feeding. =] 


The method of feeding may now be briefly recapitulated. When 
the louse has selected a spot, the haustellum is protruded by pro- 
traction of the buccal plate, and a superficial fixation effected by 
the buccal teeth. The same action brings the buccal tube into 
contact with the skin, and the contained piercing apparatus enters 
the tissues of the host, and penetrates to the level at which blood 
is reached. Salivary secretion accompanies the piercer, and possibly 
contains an anti-coagulin and also has some solvent action. The 
pumping-pharynx commences its rhythmical dilatations, by means 
of which blood is drawn in through the buccal tube, and passed 
backwards to the pharynx, where, by means of alternate contrac- 
tion of the sphincters and dilatation by the dilatators, it is pumped 
backwards into the oesophagus, by the peristaltic action of which 
it is carried to the stomach. 

At the close of the feeding process, the piercer is drawn in by 
its own retractors, the retractors of the labium serving to pull the 
sheath back. The retractors of the buccal cavity draw in the 
haustellum and buccal tube. 

The fundamental error in Schiddte’s classic experiment of 
cutting off the anterior part of the head of a louse during feeding 
is that it severs the piercer from its retractors, and it is thus 
-shown as protruding for a distance which is impossible in view of 
the short ‘pitch’ of these muscles. The second error was, of course, 
the assumption that this ‘tube’ was the channel through which 
the blood passed. 


Interpretation. 


In the absence of ontogenetic work proving beyond doubt the 
homologies of the various structures described, any interpretation 
will depend primarily on the view taken of the affinities of the 
Anoplura. Enderlein (1904), being satisfied that these insects are 
hemipterous, has been able to homologise the parts contained 
within the piercer-sheath as labium, hypopharynx, and maxillae, 
corresponding to those of the Rhynchota. Cholodkowsky (1904), on 
the other hand, states definitely from embryological etl, that 
mandibles and maxillae disappear, and that the piercer-sheath and 
its apparatus are formed from the labium alone. He expresses his 
conviction that the Mallophaga and Anoplura are closely related, 
and includes them in a new order, Pseudorhynchota, an unnecessary 
proceeding seeing that several names, eg. Anoplura Leach and 
Parasita Latreille, already exist for a combination of the two 
groups. As the Mallophaga are undoubtedly of orthopterous 
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origin, these two views cannot be reconciled, and one must, 
perforce, take one side or the other. 

T am wholly with Cholodkowsky, whose view is not new, nor 
solely his own, but has been arrived at independently by Melnikow 
(1869), Borner (1904), Handlirsch (1903), and is supported by 
Fulmek (1907), Mjdberg (1910) and myself (1915). I propose to 

‘show, not only that the Mallophagasand Anoplura are beyond all 
question closely related, but that the Anoplura are distinctly 
nearer, in a great many features, to the Ischnocera, of the two 
Mallophagan sub-orders. 

The antennae of Anoplura have 3—5 articles, as have the 
Ischnocera, and are filiform, and borne laterally upon the sides of 
the head. In the Amblycera, the antennae are capitate, with 4 or 
5 articles, and are hidden in a groove beneath the head. In all 
three groups a sensory organ of precisely the same structure is 
carried in the same position distally upon the ultimate and 
penultimate articles. 

The legs of the three groups are similar in form, and differ 
considerably from those of most’ insects. The Amblycera have 
two equal divaricate claws upon a two-jointed tarsus, except in 
the Gyropidae, which have the claws remarkably modified. The 
Ischnocera are generally stated to have a two-jointed tarsus and 
two claws, except in the Trichodectidae, which have a single claw. 
This statement is quite wrong. The Ischnocera have only a single 
joint in the tarsus (though in some species of Trichodectes there is 
an indication of a second) and have in all cases only one functional 
claw. The so-called second claw was undoubtedly a claw to begin 
with, but is no longer connected with the flexing apparatus, is 
incapable of voluntary movement, and is, in many species of 
Philopterus, much reduced in size, while in Trichodectes it has 
disappeared. A remarkable intermediate condition occurs in the 
Anopluran Haematomyzus proboscideus, parasitic upon elephants, 
in which this degraded claw may be seen in transition from its 
terminal position to the preaxial place of a tarsal hair. The 
Anoplura in general have a single tarsal joint, and a single claw. 

In the Ischnocera meso- and metathorax are always fused ; in 
the Amblycera a distinct mesothorax is present in many genera ; 
in the Anoplura the thorax is quite undivided, except in Haema- 
tomyzus, which has a prothorax separated off. 

The abdomen consists in all three groups of nine segments in 
the adult, with evidence of at least two more in the larval stages 
(Harrison, 1915, p. 122). That of the Anoplura resembles certain 
Amblycera, rather than the Ischnoceran type. 

The alimentary canal is generally similar in all three. In the 
Ischnocera the crop is an asymmetrical diverticulum of the oeso- 
phagus. In the Amblycera there is a symmetrical dilatation of 
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the oesophagus in front of the mid-gut. The Anoplura have 
neither crop nor proventriculus. In all three a pair of lateral 
caeca from the mid-gut project forward into the thorax, the 
malpighian tubes are four in number, and the arrangement and 
proportions of the hinder parts of the intestine are. identical. 
There are two: pairs of salivary glands, and, in the Ischnocera — 
and Anoplura, groups of specialised binucleate cells, richly tra- 
cheated, le about the ducts of these, at the base of the oesophagus. 

The respiratory system I have pr eviously shown to be practically 
identical in all three groups (1915); there being one thoracie and 
six abdominal pairs of stigmata, two main tracheal trunks, and a — 
system of four transverse commissures in connection with the 
four main nerve masses. In all Anoplura, and in some Mallo- — 
phaga of both sub-orders, the lateral trunks are connected by a 
posterior commissure. I have shown for Mallophaga, and Enderlein 
(1904) for Anoplura, that the abdominal stigmata, whatever their 
apparent position, are morphologically upon segments 3—8. 

In all three groups the heart is a round sac, situated dorsally 
in the eighth abdominal seginent, with two or three pairs of ostia 
dorsally in Mallophaga (Fulmek, 1905), three beg the number 
that I find in Pediculus. The heart is supported by three bundles 
of alary muscles on either side, in close relation with which are a 
group of half-a-dozen pericardial cells. The fat-body is similar in 
character and distribution, and in the larva is distributed in meta- 
meric pockets, each surrounding a little group of calcosphaerites. 

The nervous system in all three groups 1s identical, comprising 
a brain, sub-oesophageal ganglion, and three thoracic ganglia 
almost fused together. From the postero-lateral angles of the 
metathoracic ganglion a bundle of long fibres is given off to the 
viscera, ‘there bemg neither nerve cords nor ganglionic enlarge- 
ments in the abdomen. The nerve supply to eyes, tactile hairs, 
and other sensory organs, 1s identical. 

The reproductive system shows a still more remarkable simi- 
larity. In male Amblycera there are three pairs of testes, those 
of either side being evenly spaced upon the corresponding vas 
deferens. The latter open into a paired vesicula, showing more or 
less fusion, but in most cases completely fused, from which a 
common ejaculatory duct leads to an eversible sac in connection 
with the chitinous genitalia. The basal plate of the Amblycera is 
in most families of the sub-order only a chitinous rod, tapering 
anteriorly. In the Boopidae and some others, however, a true 
basal plate is developed. In Ischnocera and Anoplura the testes 
are four in number, the pair of either side being placed base to base, 
the corresponding vas deferens arising between the closely apposed 
bases. ‘The vesicula and ejaculatory duct have the same relations 
as in the Amblycera, but the vesicula of Pediculus is only fused at 
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its base, the distal three-quarters being free. The chitinous parts 
of the Ischnocera and Anoplura are also identical in structure; with 
basal plate, parameres, endomeres, telomeres and penis. Pediculus 
has simpler genitalia, but is not typical of the Anoplura. 

With the female, there are ten ovarian tubules, five on either 
side in Ischnocera and Anoplura, four of these being rudimentary in 
many Amblycera. These exhibit an identical histological structure, 
so much so that Gross (1906, p. 378) states that he could not 
distinguish between them in sections. The oviducts of either 
side unite in a uterus, into which open cement glands for attaching 
the egg to its substratum. In the Ischnocera, and in all Anoplura 
save Pediculus, a receptaculum of remarkable structure opens into 
this uterus by a long narrow duct, the entry of the duct into the 
receptaculum being marked by a conspicuous chitinous ring. 

There is a further correspondence between Ischnocera and 
Anoplura in the secondary sexual characters, and method of 
copulation. In both groups, contrary to what obtains in the 
Amblycera, and in insects in general, the male crawls under the 
female, grasping her hind legs with his front legs, and flexes the 
abdomen upwards to insert the penis. In both groups secondary 
clasping appendages are developed upon the antennae in many 
genera, and these occur always on the third article. 

These comparisons, which have embraced all the systems of 
organs, quite convince me, not only that the Mallophaga and 
Anoplura are very closely related, but also that the Anoplura are 
distinctly more Ischnoceran than Amblyceran im character. In 
this connection it is interesting to note that, while Amblycera 
occur normally upon marsupials, neither Ischnocera nor Anoplura 
are found upon these lower mammals. The general organisation 
that I have outlined also discounts hemipterous affinities for the 
Anoplura, as the Rhynchota differ markedly in every detail of 
structure. 

I consider, then, that the close relationship between Mallo- 
phaga and Anoplura may be taken as definitely established, and 
that in any attempt to explain the mouth-parts of the latter, those 
of the former must be taken into account. The Mallophaga are 
of orthopterous origin, and are most nearly related to the Copeo- 
gnatha, which have fairly typical orthopterous mouth-parts. These 
parts have undergone successive reduction in the two Mallophagan 
sub-orders. The Amblycera have mandibles, a maxilla consisting 
of a basal piece formed of fused cardo and stipes, with a four- 
jointed palp, and an undivided endopodite. (A chitinous splint 
homologous with the Psocid “fork” occurs in most Amblycera. It 
this belong to the maxilla, a thing of which I am personally not 
convinced, then what I have called an undivided endopodite would 
consist of galea only.) The labium is reduced, and consists of 
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well-defined sub-mentum and mentum, the latter with rudimentary 


palps. In the Ischnocera, the mandibles are strongly developed, — 


but the maxilla is reduced to a conical lobe, and the labium is 


only rarely separable into sub-mentum and mentum. In both — 
sub-orders, as also in the Copeognatha, there is present a remark- — 
able hypopharynx, which consists, in its typical form, of a lyriform — 


chitinous sclerite lying in the floor of the mouth, with a pair of — 


. 


sclerosed glands lying below and behind it, from which tracheated — 


ducts run forwards and upwards, turn backwards and unite, the — 
common duct entering the sclerite. Running backwards from the — 


glands are two chitinous pedicels, which are tendinous in nature, 
and serve for the attachment of muscles. These structures, which 
would appear to have lost whatever function they once possessed, 
have been studied by Cummings (1913), who has shown that they 
can undergo very remarkable variation and specialisation. I have 
studied most of the types used by Cummings, and can confirm 
his work. 

As regards previous interpretations of the Anopluran mouth- 
parts, we have, as already stated, that of Enderlem (1904), who 


ee et 


—=-. 


finds labium, hypopharynx, and maxillae in the piercer-sheath ; — 
and that of Cholodkowsky (1903), who states that the embryonal — 


mandibles and maxillae disappear, and that the whole piercing 


apparatus is formed from the labium, which becomes internal in ~ 


position owing to a fold of the ventral integument of the head 


growing forward over it. Enderlein’s account is based entirely on — 


his belief that the Anoplura are Rhynchota, and he does not 
advance one tittle of evidence in support of his views that the 
structures which he names labium, hypopharynx, and maxilla are 
really homologous with the same structures of other imsects. His 
bare statement, and a vague reference to comparative anatomy, 
are apparently expected to convince us. But an examination 
of the rest of his comparative description does not serve to 
justify any unreserved acceptance of his statements. His ventral 
lamella of the pharynx is the buccal plate, the roof of the buccal 
cavity. His ‘fulturae’ are the diverging cornua of the same plate. 
His ‘dorsal lamella’ is the floor of the pumping-pharynx. His 
larynx—and if terminology must be borrowed from vertebrate 
anatomy, it might at least be applied to analogous structures—is 
the pharynx. He indicates the ‘mandibles’ as projecting freely 
into the buccal cavity in a figure (1905, p. 634, f 4) which he 
certainly has the grace to call ‘stark schematisiert,’ whereas these 
structures lie in the body-cavity, and have no connection with the 
alimentary canal. Enderlein has accurately described and figured 
the several structures lying in the piercer-sheath, as seen in 
dissection, but all the rest of his account, as well as his conclusions, 
may be dismissed without further consideration. 
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| Cholodkowsky, however, cannot be so lightly dealt with. He 
examined Pediculus embryos, both entire, and in sections, and 
he states quite definitely that the mandibular and maxillary rudi- 
ments fuse and disappear, that the labium alone forms the piercing 
apparatus, and that all other chitinous plates and splints appearing 
about the mouth are secondary structures. Apart from this 
general statement he attempts no detailed interpretation. Until 
Cholodkowsky’s ontogenetic work is either confirmed or refuted 
by renewed embryological investigation, the broad facts must be 
accepted. 

The following suggestions are on this account quite speculative 
in character, but are based on a considerable knowledge of Mallo- 
phagan mouth-parts. I assume that the close affinity between 
Mallophaga and Anoplura is sufficiently well proven. I suggest 
that the Anoplura show stronger points of resemblance to the 
Ischnocera than to the Amblycera. As there is no evidence as to 
the degree of relationship between the two Mallophagan sub- 
orders, the fact that the Anoplura favour one or the other is 
possibly not of very vital importance, if the two sub-orders are 
branches of a single stock. But it is possible that these sub- 
orders, which do differ markedly in certain respects, have branched 
off at different times from an original Psocid stock, in which case 
the resemblance of the Anoplura would have more significance. 
For our present purpose, however, the significance lies in the fact 
that the maxilla has almost completely disappeared in the Ischno- 
cera, a fact which agrees with Cholodkowsky’s statement of what 
happens with Pediculus. I am not prepared to believe that the 
mandible disappears, for I think that the structures which Ender- 
lein describes as mandibles in Haematopinus suis are reduced 
mandibles. The German author is certainly wrong in believing 
that they project into the buccal cavity, and he is again wrong m 
his homology for these structures in Pediculus, as what he calls 
mandible here is simply an optical section of a chitinous thickening 
passing almost completely round the head. But mandible-like 
structures do exist in the first larva of Pediculus (Fig. 7), and 


Fig. 7. Anterior portion of head of larva, to show mandibles. 
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have the same general relations as those described by Enderlein ; 
for Haematopinus. Mjsberg (1910, p. 205) figures them also for 
Antarctophthirus, in which they are conspicuous even in the adult. — 
In the later larval stages of Pediculus these mandibles gradually — 
disappear. If these structures be not mandibles, as the double 
muscular attachments would suggest, they are difficult to account | 
for. They are certainly functionless. Against. such an inter-— 
pretation is the fact that they lie in the haemocoele. Here 
Cholodkowsky’s account of the growth forward of a fold of the 
ventral integument to cover the labium, which is drawn inwards 
in the invagination of the piercer-sheath, suggests an explanation. — 
The mandibles may also be involved in this process of epiboly, 
and, by the subsequent absorption of the upper wall of the fold, 
become internal. An intermediate condition actually occurs in — 
the Mallophagan genus Philandesia, in which the mandibles are — 
almost completely shut off by two lateral folds of the ventral 

surface of the head. 

Tn any case the mandible and maxilla may be dismissed as far 
as any participation in the actual mouth-parts of the Anoplura is 
concerned. Cholodkowsky states that the piercing apparatus is 
formed entirely from the labium. As the labium in Mallophaga 
is reduced to a sub-mentum and mentum, with rudimentary, one- 
jointed palps, it 1s impossible to believe that all the structures 
involved could be derived from labium alone. I suggest that the 
two plates lying in the floor of the piercer-sheath may represent 
the sub-mentum and mentum. 

The buccal tube and the piercing apparatus are thus left un- 
accounted for. I believe that the whole of these structures have 
been derived from modifications of the Mallophagan hypopharynx. 
The figures of Cummings (1913) show the remarkable fluidity of 
this structure and the variation it has undergone even in closely 
allied species. The piercer-sheath is a depression in the floor of 
the buccal cavity, into which opens a pair of apparently function- 
less glands, as well as the salivary duct, in all of which it agrees 
with the Mallophagan hypopharynx. Moreover this suggestion 
affords a means of homologising the buccal tube, which otherwise 
is difficult to account for. It is comparatively easy to picture the 
two halves of this tube as the anterior cornua of the hypopharynx, 
which lie above, and lateral to, the central depressed portion ; and 
also to imagine the latter drawn backwards into the long piercer- 
sheath, this invagination involving the associated parts. It would 
be idle, in view of the speculative nature of the suggestion put 
forward, to attempt to press the homologies still further, and to 
try and indicate the precise origin of the dorsal and ventral 
plercers. 

The buccal plate and teeth do not demand any particular 
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explanation. The former is simply the thickened cuticular lining 
of the buccal cavity. The latter may be modifications of the 
ordinary labial hairs, or may be quite independent structures. 
Lice are capable of an infinite variety of processes of their 
chitinous cuticle. 

I have examined for comparison the mouth-parts of several 
other genera of Anoplura, though not in section; and I find them 
e be of the same general type, with minor differences in 

etall. 
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- EXPLANATION OF PLATE VII. 


Fig. 1. Slightly schematised reconstruction of the right half of the head of 
Pediculus hwmanus, viewed in the sagittal plane. 


Fig. 2. The piercing apparatus. 


EXPLANATION OF LETTERING FOR TEXT-FIGURES 
AND PLATE. 


as. anterior pharyngeal sphincter ; bc. buccal cavity ; bp. buccal plate; bt. 
buccal teeth; 6.tub. buccal tube; br. brain; dv. piercer diverticulum ; 
dp. dorsal piercer ; dpp. dilatators of pumping-pharynx; f6. fat-body ; 
jr.g. frontal ganglion; da. ?labium ; lcbp. left cornu of buccal plate ; 
dp. left dorsal protractor of buccal cavity ; lvd. left ventral dilatator of 
pharynx; lvp. left ventral protractor of buccal cavity; md. mandible; 
mdi. musculus digastricus; mo. mouth ; oes. oesophagus ; p.gl. Paw- 
lowsky’s gland ; pi. pharynx ; p.ph. pumping-pharynx ; ps. pharyngeal 
strainer ; p.sh. piercer-sheath ; p.sp. posterior pharyngeal sphincter ; 
rebp. right cornu of buccal plate ; rdd. right dorsal dilatator of pharynx ; 
rdp. right dorsal protractor of buccal cavity ; rp. retractors of piercers ; 
rpdd. right posterior dorsal dilatator of pharynx ; rrbc. right retractor of 
buccal cavity ; rvd. right ventral dilatator of pharynx ; rvp. right ventral 
protractor of buccal cavity ; sd. ?salivary duct ; s.oe.g. sub-oesophageal 
ganglion ; vp. ventral piercer. 
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On Some Gynandromorphic Specimens of Abraxas grossulariata. 
By L. DoncasTER, Sc.D., Fellow of King’s College. 


[Read 21 February 1916.] 


In the spring of 1915 I bred two abnormal specimens of 
Abraxas grossulariata among those that I was rearing for work 
on the determination of sex. Each of them combines to a certain 
extent the characters of both sexes, and they may therefore be 
described as gynandromorphic, although they are not lateral 
gynandromorphs of the type in which one half of the insect 
has the characters of one sex and the other half of the other sex. 
The first specimen (reference no. of family 14.13) hatched on 
March 18; it appeared externally to be a male, and was killed 
and recorded as a male before I noticed that it was an exception 
to the rule of sex-Hmited inheritance that a giossulariata female 
mated to a lacticolor male gives all male offspring grossulariata. 
The remainder of the family consisted of 24 lacticolor females, 
in accordance with the rule that all females from such parentage 
should be lacticolor, and this particular family belonged to a 
strain which produces only, or almost exclusively, females. in 
certain families (see Journ. of Genet. 11, 1913, p. 1 and Iv, 
1914, p. 1). Superficially the moth appeared a typical lactz- 
colur male, but when I discovered that it was an exception to the 
normal rule of sex-limited inheritance, I examined it more closely, 
and dissected its abdomen. The examination showed that the 
left antenna was less strongly pectinated and slightly shorter than 
the right; the left wings somewhat smaller and the left side of 
the body with smaller spots. Internally the testes were white 
instead of orange, and apparently empty; no other abnormalities 
in the internal genitalia were noticed, but the moth at the time 
of dissection was not in a good state of preservation for detailed 
observation. I sent the moth, with the next specimen to be 
described, to Mr F. N. Pierce, a leading expert on the external 
genitalia of British moths, and from his description, which I sum- 
marize below, it will be seen that while on the right side the 
genital armature is nearly like that of a normal male, on the left 
in addition to malformed male organs there are portions of female 
structures. 

The main features of Mr Pierce’s report are (1) the right 
antenna is male, the left female; the frenulum of the left wing 
is of the male type and well developed, that of the right, male 
but imperfect. In the external genitalia the chief points are that 
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the uncus, anus and ovipositor are each divided; the right valva 
is not unlike that of a normal male; the left is abnormal and has 
attached to it a second anus and half of the ovipositor. The 


uncus Is divided, and its left half bears on its outer side the second © 


half of the ovipositor. The aedeagus is normal; on the left side of 
the eighth segment there is a portion of the ostium bursae. 


The chief peculiarities of the specimen are thus (1) that though ~ 


predominantly male, it has the lacticolor character which from its 
parentage should be confined to females; (2) throughout the body 
the right side is male, the left imperfectly developed or tending 
towards the female type, with division of parts of the genital 
armature which are normally median. The internal genital organs 
were as far as is known imperfectly developed male organs. 

The second specimen (family 14.31), hatched on April 9, 
attracted my attention at once, since I could not decide at 
all when I examined it alive whether it was male or female. 
I attempted to pair it with both sexes, but it neither showed 
sexual instincts nor attracted males. In pattern it is intermediate 
between grossulariata and lacticolor (much like the Rev. J. M. 
Woodlock’s variety ‘Q,’ cf. Journ. of Genet. v, No. 3, 1916); the 
black spots are much reduced, but it must be regarded as being 
grossulariata from their shape, and also because they are well 
developed on the lower surface of the wing. As the parents were 
grossulariata female and lacticolor male the grossulariata character 
should appear only in the male offspring. The remainder of the 
family consisted of 11 grossulariata males, 11 lacticolor females. 
On dissection of the abdomen, the internal genitalia were poorly 
developed female organs; there was an ovary on each side, with 
four egg-tubes on the left and two or three on the right; some 
of the follicles (egg-tubes) contained a few eggs, about four of 
which were fairly well developed. There was a bursa copu- 
latrix and I found no trace of testes. The main points from 
Mr Pierce’s report are (1) the antennae are male in character, 
as are the frenula and retinacula of the wings. The external 
genitalia are asymmetrical, very imperfect, but largely male, with 


only small traces of ovipositor, but with the external armature of ~ 


the bursa on the eighth segment and no trace of aedeagus. The 
valvae are largely aborted, especially that on the right side. 
The uncus is divided, and the right half bears spines character- 
istic of the ovipositor. The eighth segment is largely female in 
character, and bears a fairly well developed ostium bursae. 


The important features of this specimen are therefore (1) the 


predominantly male character of its external organs, both genital 
armature, which, however, is very imperfectly developed, and 
secondary sexual characters, combined with the pattern which 
should accompany the male sex from such parentage, though this 
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was badly developed; (2) the internal genital organs were, how- 
ever, ovaries, and contained a few quite well developed eggs. ° 

In consequence of the discovery of these gynandromorphs, one, 
if not both, of them associated with an apparent failure of the 
normal sex-limited transmission, it occurred to me that possibly 
the two exceptional females of family 12.25 described in Journ. 
of Genet. Iv, 1914, p. 15, might also have been to some extent 
gynandromorphic. Both paired with males, and one laid eggs, 
but these proved infertile. I therefore sent the specimens to 
Mr Pierce, and he reported as follows. The specimen which laid 
no eggs had distinctly asymmetrical genitalia, the right side being 
on the whole better developed, while the left, although female in 
character, had all the organs more or less malformed. In the 
specimen which laid about 20 infertile eggs, the external geni- 
talia were asymmetrical and imperfect, and Mr Pierce is of 
opinion that certain structures may perhaps represent rudiments 
of male organs. 

These facts place in a somewhat new light the conclusions 
with regard to exceptions to the normal sex-limited inheritance 
arrived at in the paper referred to (Journ. of Genet. Iv, 1914). 
Tt was there concluded that failure of the normal sex-limited trans- 
mission of characters might involve sterility, and support was given 
to this idea from the frequent sterility of the tortoise-shell tom-cat 
(Proc. Camb. Phil. Soc. Xvul, p. 8307 and Journ. of Genet. v, 1915, 
p- 65). It now appears, however, that in two cases of apparent 
failure of sex-limited transmission (if the specimen in family 14.31, 
which contained ovaries, is so regarded), the individual is in reality 
a gynandromorph, and that the sex-limited characters are normal 
as regards one part of the sex of the specimen. And further, in 
both the cases previously described as exceptions to sex-limited 
transmission (family 12.25), although the whole insect was pre- 
dominantly fernale, yet on one side the external genitalia were 
abnormal, and in one case showed indications of male structure. 
It is possible, therefore, that both these insects were to a very 
slight extent gynandromorphice, and that the grosswlariata pattern, 
where lacticolor was to be expected, is connected with the pos- 
session of a certain amount of male tendency in individuals which 
were preponderatingly female. If such a view be adopted, it 
would mean that hitherto no true exceptions to normal sex-limited 
inheritance are known in Abraxas grossulariata. 
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E. Lindsay Ince, Trinity College. 
Hon. H. Onslow, Trinity College. 
A. R. McLeod, Gonville and Caius College. 


The following Communications were made : 


1. Examples illustrating the use of Integral forms. By R. Har- 
GREAVES, M.A., St John’s College. 


2, On certain arithmetical functions. By 8. Ramanusan. (Com- . 
municated by Mr G. H. Hardy.) : : 


3. Vector Integral Equations and Gibbs’ Dyadics. By C. E. 
WEATHERBURN. (Communicated by Mr G. H. Hardy.) 


4. A self recording electrometer for Atmospheric Electricity. 
By W. A. D. Rupes, M.A., St John’s College. 


5. The resolution of asymmetric quinquevalent nitrogen com- 
pounds. By J. Remy. (Communicated by Professor Pope.) 


November 22, 1915. 
In the Sedgwick Museum. 
Proressor NEWALL, PRESIDENT, IN THE CHATR. 


The following were elected Fellows of the Society : 


C. E. Weatherburn, M.A., Trinity College. 
H. Jeffreys, B.A., St John’s College. 


The following Communications were made : 

1. Notes on Oysters: recent and fossil. By Prof. Huauss. 
2. Fossil Zones and Geological Time. By Dr Marr. 

3. (1) On induced herpetomoniasis in Birds. 


(2) Notes on certain Protozoa which may be found in cases 
of Dysentery from the Mediterranean War Zone. 


By Dr H. B. Fanram and Miss ANNIE Porter. 


4, On a little-known concealed coalfield in Oxfordshire. By 
Dr ARBER. 


Proceedings at the Meetings. 233 
February 21, 1916. 
In the Advanced Zoology Lecture Room. 
Proressor N EWALL, PRESIDENT, IN THE CHAIR. 


The following was elected a Fellow of the Society : 


A. W. R. Roberts, M.A., Trinity College. 


The following Communications were made : 


1. On some gynandromorphs in Abraxas grossulariata. By 
Dr Doncaster. 


2. A preliminary account of the structure of the mouth-parts 
in the Body-louse. By L. Harrison. (Communicated by Professor 
Nuttall.) 


3. The Field and the Cordon of a Plane Set of Points. By 
EK. H. Nevitxz, M.A., Trinity College. (Communicated by Mr G. H. 
Hardy.) 


May 22, 1916. 
In the Botany School. 
ProFessor NEWALL, PRESIDENT, IN THE CHAIR. 


The following were elected Fellows of the Society : 


S. Chapman, M.A., Trinity College. 

H. B. Milner, B.A., Trinity College. 

HK. H. Neville, M.A., Trinity College. 
H. T. J. Norton, M.A., Trinity College. 


The following Communications were made: 


1. Some considerations on the geographical distribution of species. 
By Dr Wits. (Communicated by Dr Arber.) 


2. A preliminary note on the internal structure of Pityostrobus 
(Pinites) macrocephalus from the Lower Eocene. By C. P. Durt, B.A., 
Queens’ College. (Communicated by Professor Seward.) 
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